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DEDICATION. 


TO  ^I’HE 


RIGHT  HON.  LORD  VISCOUNT  PALMERSTON,  M.P., 

SECRETAEY  OF  STATE  FOR  THE  HOME 
DEPARTMENT. 


My  Lord, 

Your  Lordship  having  kindly  assented  to  my  work 
on  ^^The  Combustion  of  Coal  and  the  Prevention  of 
Smoke,  Chemically  and  Practically  Considered,”  being- 
dedicated  to  your  Lordship,  I now  submit  it,  in  res- 
pectful acknowledgment  of  the  services  conferred  on 
the  public  by  your  Lordship’s  Act,  making  fhe  abate- 
ment of  the  smoke  nuisance  co^rtpulsory. 

This  work,  my  Lord,  is  the  result  of  my  practical’ 
experience  as  Founder  and  Managing  Director  of  the 
City  of  Dublin  Steam  Packet  Company,  established 
in  1824.  In  it  I have  not  made  a single  statement 
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that  has  not  been  either  warranted  by  the  higliest 
chemical  authorities,  or  justified  by  the  most  unques- 
tionable experimental  proof. 

As  considerable  alarm  has  been  expressed  l)y 
certain  manufacturers  and  others,  under  the  impression 
that  from  the  nature  of  their  respective  operations,  it 
will  be  impossible  to  comply  with  the  provisions  of  the 
Act  (16  & 17  Viet.  cap.  128),  I may  here  observe, 
that  although  many  have  been  induced  to  adopt  com- 
plicated, and  even  costly  expedients,  and  have,  never- 
theless, failed  in  preventing  the  nuisance  so  justly 
complained  of,  they  may  yet  find,  that  by  more  cor- 
rect, simple,  and  less  expensive  means,  they  may  be 
enabled  to  satisfy  the  exigencies  of  that  Act. 

During  the  last  fifteen  years  I have  proved,  that 
even  in  the  largest  establishments,  and  in  the  furnaces 
of  marine  boilers,  the  great  nuisance  of  smoke  may 
be  avoided,  and  even  with  the  accompaniment  of  con- 
siderable economy.  ’ 

Although  many  hundreds  of  furnaces  in  the  manu- 
facturing districts  have  been  constructed  by  others, 
on  the  principles  suggested  in  this  work,  I have  never 
made  a single  application  to  any  government  or  public 
establishment ; aware  of  the  suspicion  which  ever 
attaches  to  the  advocacy  of  an  interested  party;  and, 
above  all,  of  the  difficulty  of  overcoming  old-establish- 
ed customs  and  prejudices.  I have  long,  therefore, 
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anxiously  looked  for  some  legislative  enactment  by 
which  those  who  create  public  nuisances  shall  be  com- 
pelled to  abate  them. 

My  patent  of  1839  having  mow  expired,  I have 
no  interest  whatever  in  bringing  the  subject  thus 
prominently  forward,  beyond  the  natural  claim  to  the 
credit  of  having  (in  the  words  of  Sir  Robert  Kane) 
been  ^^the  first  to  place  this  subject  in  its  important 
and  just  aspect.” 

I have  the  honor  to  be, 

My  Lord, 

Your  Lordship’s  obliged  and  humble  Servant, 


CHARLES  WYE  WILLIAMS. 
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PREFACE. 


Being  much  interested  in  the  improvement  of  steam  vessels, 
from  my  connection  with  several  steam  navigation  companies, 
and  having  had  a longer  and  more  extended  experience  in  the 
details  of  their  building  and  equipping  than,  perhaps,  any  indi- 
vidual director  of  a steam  company  in  the  kingdom,  my  atten- 
tion has  been  uninterruptedly  given  to  the  subject  since  the 
year  1823,  when  I first  established  a steam  company,  and 
undertook  to  have  the  first  steam-vessel  constructed  capable  of 
maintaining  a commercial  intercourse  across  the  Irish  Channel, 
during  the  winter  months,  and  which,  till  then,  had  been  con- 
sidered impracticable. 

The  result  of  this  long  experience  is  the  finding,  that,  not- 
withstanding the  improved  state  to  which  the  construction  and 
appointments  of  the  hull  and  general  machinery  of  steam- 
vessels  have  arrived,  great  uncertainty  and  risk  of  failure  still 
prevail  in  the  use  of  fuel  and  the  generation  of  steam. 

It  is  true,  the  engineer,  who  undertakes  the  construction  of 
the  engines,  also  undertakes  that  the  boilers  shall  provide  a 
sufificiency  of  steam  to  work  them ; but  what  that  sufficiency 
means,  has  not  been  decided ; and,  in  too  many  instances,  the 
absence  of  some  fixed  data  on  the  subject  leaving  the  evils  of  a 
deficiency  of  steam  or  a great  expenditure  of  fuel  unabated. 

So  long  as  the  operations  of  steam-vessels  were  confined  to 
coasting  or  short  voyages,  the  consequences  of  these  defects  in 
boilers,  as  regards  the  quantity  of  fuel,  were  a mere  question  of 
pounds,  shillings,  and  pence.  When,  however,  those  operations 
came  to  be  extended  to  long  sea  voyages,  these  consequences 

took  a more  comprehensive  range,  and  involved  the  more  im- 
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portant  question,  whether  such  voyages  locre  practicable  or 
profitable. 

From  being  so  deeply  interested  in  the  improvement  of  this 
department  of  steam  navigation,  I have  watched,  with  no  small 
anxiety,  the  efforts  of  the  engineers  to  arrive  at  some  degree  of 
certainty  in  what  was  admitted,  on  all  hands,  to  be  the  most 
serious  drawback  to  the  successful  application  of  steam-vessels 
to  long  sea  voyages.  I perceived  the  absence  of  any  well- 
founded  principle  in  the  construction  of  the  boiler; — that  the 
part  on  which  most  depended  appeared  least  understood,  and 
least  attended  to,  namely,  the  furnace;  and  that  this  was  too 
often  left  to  the  skill  (or  want  of  it)  of  working  boiler-makers 
or  bricklayers.  I saw  that,  although  the  great  operations  of 
combustion  carried  on  in  the  furnace,  with  all  that  belongs  to 
the  introduction  and  employment  of  atmospheric  air,  were 
among  the  most  difficult  processes  within  the  range  of  chemistry, 
the  absence  of  sound  scientific  principles  still  continued  to 
prevail;  yet  on  these  must  depend  the  extent  or  perfection  of 
the  combustion  in  our  furnaces. 

Years  were  still  passing  away,  and  while  every  other  depart- 
ment was  fast  approaching  to  perfection,  all  that  belonged  to 
the  combustion  of  fuel — the  production  of  smoke — and  the 
wear  and  tear  of  the  furnace  part  of  the  boiler,  remained  in  the 
same  status  quo  of  uncertainty  and  insufficiency;  and  even  that 
boilers  and  their  furnaces,  constructed  within  the  last  few  years, 
exhibit  greater  violations  of  chemical  truths,  and  a greater 
departure  from  the  principles  on  which  nature  proceeds,  than 
any  preceding  ones  which  have  come  under  my  observation. 

In  the  proper  place  I will  shew,  that,  of  late  years,  as  much 
uncertainty  as  to  the  success  of  a new  boiler  has  prevailed  as 
when  I first  began  operations,  thirty  years  ago;  and  that  few 
boilers,  for  land  or  marine  engines,  exhibit  more  in  the  way  of 
effecting  perfect  combustion  or  economy  of  fuel  than  those  of 
any  former  period  since  the  days  of  Watt. 

I here  observe,  that  I do  not  affect  to  give  any  new  view  of 
the  nature  of  combustion,  much  less  do  I make  any  claim  to 
discovery.  What  I take  credit  for  is,  the  practical  application. 
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on  the  large  scale  of  the  furnace  y of  those  chemical  truths  which 
are  so  well  known  in  every  laboratory.  I also  take  credit  for 
bringing  together  the  scattered  facts  and  illustrations  of  such 
authorities  as  bear  on  the  subject  before  us,  and  so  applying 
them  as  to  enable  practical  men  to  understand  that  part  which 
chemistry  has  to  act  in  the  construction,  arrangements,  and 
working  of  our  boilers  and  furnaces. 

The  first  part  of  this  Treatise,  in  which  the  chemistry  of  com- 
bustion is  considered,  first  published  in  1840,  is  here  now  repub- 
lished in  a condensed  form,  in  connexion  with  the  second  part, 
involving  the  practical  application  of  the  subject. 

It  is  here  unnecessary  to  say  any  thing  on  the  causes  which 
have  led  to  so  long  an  interval.  It  may,  however,  be  observed, 
that  the  postponement  of  the  second  or  practical  part,  has  had 
this  advantage,  that  it  has  afforded  the  means  of  introducing 
the  recent  changes  that  have  been  made  in  boilers;  and  par- 
ticularly of  that  important  one,  the  introduction  of  the  tubular 
principle  into  steam  navigation. 

C.  W.  WILLIAMS. 

Liverpool, 

1854. 
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CHAPTER  I. 


OF  THE  CONSTITUENTS  OF  COAL,  AND  THE  GENE- 
RATION OF  COAL  GAS. 

In  the  following  treatise  I do  not  undertake  to  shew  how 
the  smoke  from  coals  can  be  burned;  but  I do  undertake  to  shew 
how  coals  may  be  burned  wihout  smoke;  and  this  distinction 
involves  the  main  question  of  economy  of  fuel. 

When  smoke  is  once  produced  in  a furnace  or  flue,  it  is  as 
impossible  to  burn  it  or  convert  it  to  heating  purposes,  as  it 
would  be  to  convert  the  smoke  issuing  from  the  flame  of  a can- 
dle to  the  purposes  of  heat  or  light. 

When  we  see  smoke  issuing  from  the  flame  of  an  ill- adjusted 
common  lamp,  we  also  find  the  flame  itself  dull  and  murky,  and 
the  heat  and  light  diminished  in  quantity.  Do  we  then  at- 
tempt to  burn  that  smoke?  No;  it  would  be  impossible. 
Again,  when  we  see  a well-adjusted  Argand  lamp  burn  wthout 
producing  any  smoke,  we  also  see  the  flame  white  and  clear,  and 
the  quantity  of  heat  and  light  increased.  In  this  case,  do  we 
say  the  lamp  burns  its  smoke?  No;  we  say  the  lamp  burns 
without  smoke.  This  is  the  fact,  and  it  remains  to  be  shewn 
why  the  same  language  may  not  be  applied  to  the  combustion 
of  the  same  coal  and  the  same  gas,  in  the  furnace,  as  in  the 
lamp. 

In  a treatise  purporting  to  describe  the  means  of  obtaining 
the  largest  quantity  of  heat  from  coal,  the  first  step  is  an  in- 
quiry into  the  varieties  of  that  combustible  and  its  respective 
constituents. 

The  classification  of  the  various  kinds  of  coal,  the  details  of 
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an  elaborate  analysis,  made  by  Mr.  Thomas  Richardson,  with 
the  aid  of  Professor  Liebig  are  as  follows : — 


Species  of 
Coal. 

Locality. 

Carbon. 

Hydrogen. 

Azote  and 
Oxygen. 

Ashes. 

Splint  . . 

Wylani  . . 

74-823 

6-180 

5-085 

13-912 

>>  • • 

Glasgow 

82-924 

5-491 

10-457 

1-128 

Cannel  . . 

Lancashire  . 

83-753 

5-660 

8-039 

2-548 

»»  • • 

Edinburgh  . 

67-597 

5-405 

12-432 

14-566 

Cherry  . . 

Newcastle  . 

84-846 

5-048 

8-430 

1-676 

J * • • 

Glasgow 

81-204 

5-452 

11-923 

1-421 

Caking  . . 

Newcastle  . 

87-952 

5-239 

5-416 

1-393 

»*  • • 

Durham 

83-274 

5-171 

9-036 

2-519 

The  most  important  feature  in  reference  to  this  analysis,  is 
the  proportion  of  hydrogen  which  all  bituminous  coal  contains, 
and  which  may  be  estimated  at  5^  per  cent  — hydrogen  being 
the  main  element  in  the  evolved  gas,  and  by  the  combustion  of 
which  flame  is  produced. 

The  theory  of  combustion  is  now  well  understood  by  scien- 
tific men ; but,  as  a 'practical  art,  it  still  remains  at  a very  low 
ebb. 

We  know,  scientifically,  that  carburetted  hydrogen  and  the 
other  compounds  of  carbon  require  given  quantities  of  atmos- 
pheric air  to  eflect  their  combustion ; yet  we  adopt  no  means, 
practically,  of  ascertaining  what  quantities  are  supplied,  and 
treat  them  as  though  no  such  proportions  were  necessary.  We 
know,  scientifically,  the  relative  proportions  in  which  the  consti- 
tuents of  atmospheric  air  are  combined;  yet,  practically,  we 
appear  wholly  indifferent  to  the  distinct  nature  of  these  consti- 
tuents, or  their  effects  in  combustion.  We  know,  scientifically, 
that  the  inflammable  gases  are  combustible  only  in  proportion  to 
the  degree  of  mixture  which  is  effected  between  them  and  the 
oxygen  of  the  air ; yet,  practically,  we  never  trouble  our  heads 
as  to  whether  we  have  effected  such  mixture  or  not.  These 
and  many  similar  illustrations  exhibit  a reprehensible  degree 
of  carelessness,  which  can  only  be  corrected  by  a sounder  and 
more  scientific  knowledge  of  the  subject;  and  this  can  only  be 
attained  through  the  aid  of  chemistry. 

The  main  constituents  of  all  coal,  as  we  see  in  the  preceding 
table,  are  carbon  and  hydrogen. 

In  the  natural  state  of  coal,  the  hydrogen  and  carbon  arc 


imited  and  solid.  Their  respective  characters  and  modes  of  en- 
tering into  combustion  are,  however,  essentially  different ; and 
to  our  neglect  of  this  primary  distinction  is  referable  much  of 
the  difficulty  and  complication  which  attend  the  use  of  coal  on 
the  large  scale  of  our  furnaces. 

The  first  leading  distinction  is,  that  the  bituminous  portion  is 
convertible  to  the  purposes  of  heat  in  the  gaseous  state  alone ; 
while  the  carbonaceous  portion,  on  the  contrary,  is  combustible 
onlg  in  the  solid  state;  and,  what  is  essential  to  be  borne  in 
mind,  neither  can  he  consumed  while  they  remain  united. 

The  use  of  the  term  ‘‘fuel^^  as  applied  to  the  combustion  of 
coal  dming  its  several  processes  in  the  furnace,  without  re- 
ference to  any  particular  constituent,  whether  gaseous  or  solid, 
is  sufficiently  indicative  of  the  inattention  to  the  chemical  con- 
ditions of  combustion.* 

The  general  impression  is,  that  coal,  spoken  of  under  the 
objectionable  term  of  “fuel,”  enters  into  combustion  at  once,  on 
the  application  of  heat,  and  that,  during  such  combustion,  it 
evolves  the  gaseous  matter  which  it  contains.  This,  however, 
is  neither  correct  nor  scientific,  and  evades  an  important  feature 
in  the  use  of  coal,  namely,  the  order  in  which  the  gaseous  and 
solid  portions  come  into  use  as  heat-giving  media. 

When  heat  is  first  applied  to  bituminous  coal,  the  question 
naturally  arises,  What  becomes  of  it?  or,  What  is  its  effect? 

A charge  of  fresh  coal  thrown  on  a furnace  in  an  active  state, 
so  far  from  augmenting  the  general  temperature,  becomes  at 

* Many  instances  of  inattention  might  here  he  given.  The  following 
will  suffice.  In  a popular  treatise  on  the  steam-engine,  by  Dr.  Lardner, 
speaking  of  Brunton’s  revolving  grate,  he  observes,  “ The  coals  are  let  down 
from  the  hopper  on  the  grate,  and  as  they  descend  in  very  small  quantities  at 
a time,  they  are  almost  immediately  ignited.’’  Here  the  coal  is  represented  as 
being  ignited,  or  converted  into  flame,  which  is  incorrect.  Coal-gas  may  be 
converted  into  flame,  and  coke  may  be  ignited,  but  coal  can  neither  be  ignited 
nor  converted  into  flame. 

Again,  “ But,  until  their  ignition  is  complete,”  a smoke  wiU  arise,  which, 
passing  to  the  flue  over  the  burning  coal,  will  he  ignited.”  Here  it  is  the  gas 
which  is  ignited  — the  term  smoke  being  improperly  used  instead  of  gas. 
This,  also,  is  incorrect,  as  smoke,  properly  speaking,  being  once  formed,  cannot 
be  ignited  or  inflamed  in  the  same  furnace. 
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once  an  absorbent  of  it  and  tlie  source  of  the  volatilizalion  of  the 
bituminous  portion  of  the  coal ; in  a word,  of  the  generation  of 
the  gas.  Now,  volatilization  is  the  most  cooling  process  of 
nature,  by  reason  of  the  quantity  of  heat  which  is  directly  con- 
verted from  the  sensible  to  the  latent  state.  So  long  as  any  of 
the  bituminous  constituents  remain  to  be  evolved  from  any 
atom  or  division  of  the  coal,  its  solid,  or  carbonaceous  part 
remains  black,  at  a comparatively  low  temperature,  and  utterly 
inoperative  as  a heating  body.  In  other  words,  the  carbon- 
aceous part  has  to  wait  its  turn  for  that  heat  Avhich  is  essential 
to  its  own  combustion,  and  in  its  own  peculiar  way,  as  will  be 
explained  hereafter. 

We  also  see,  that  if  this  bituminous  part  be  not  consumed 
and  turned  to  account,  it  would  have  been  better  had  it  not 
existed  in  the  coal ; as  such  heat  would,  in  that  case,  have  been 
saved  and  become  available  for  the  business  of  the  furnace. 
To  this  circumstance  may  be  attributed  the  alleged  compara- 
tively greater  heating  properties  of  coke,  or  anthracite,  over 
bituminous  coal. 

The  point  next  under  consideration  will  be  the  processes 
incident  to  the  combustion  of  the  gaseous  “portion  of  the  coal,  as 
distinct  from  the  carbonaceous  or  solid  portion. 


CHAPTER  II. 


OF  GASEOUS  COMBINATIONS,  AND  PARTICULARLY 
OF  THE  UNION  OF  COAL  GAS  AND  AIR. 

Having  pointed  out  the  leading  characteristic  in  the  use  of 
coal,  arising  out  of  its  elementary  divisions,  bituminous  and 
carbonaceous,  our  next  step  is,  its  union  with  atmospheric  air. 
This  part  of  the  subject  will  require  the  more  attention,  as  the 
practicable  economy  in  the  use  of  coal  will  be  found  connected 
with  the  combustion  of  the  gases.  The  mechanical  engineer 
may  ask.  What  has  this  to  do  with  boiler-making  and  furnace- 
building? Nevertheless,  it  involves  the  whole  question  of  right 
or  wrong,  so  long  as  a furnace  is  to  be  part  of  a boiler,  and  that 
coal  is  to  be  consumed  in  that  furnace. 

On  the  application  of  heat  to  bituminous  coal,  the  first  result, 
as  already  mentioned,  is  its  absorption  by  the  coal,  and  the  dis- 
engagement of  gas,  from  which  flame  is  exclusively  derivable. 

The  constituents  of  this  gas  are,  hydrogen  and  carbon:  and 
the  unions  which  alone  concern  us  here  are,  carburetted  hydrogen, 
and  bi-carburetted  hydrogen,  commonly  called  olefiant  gas. 

Combustibility  is  not  a quality  of  the  combustible,  taken  by 
itself.  It  is,  in  the  case  now  before  us,  the  union  of  the  com- 
bustible with  oxygen,  and  which,  for  this  reason,  is  called  the 
“ supporter neither  of  which,  however,  when  taken  alone,  can 
be  consumed.* 

* “ In  ordinary  language,  a body  is  said  to  burn  when  its  elements  unite 
with  the  oxygen  of  the  air,  and  form  new  products.  One  of  the  bodies,  as 
hydrogen,  is  termed  the  burning  or  combustible  body,  and  the  oxygen  is  said 
to  be  the  supporter  of  combustion ; but  this  language,  although  convenient 
for  common  use,  is  incorrect  as  a scientific  expression,  for  oxygen  may  be 
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To  effect  combustion,  then,  we  must  have  a comhustihle  and  a 
supporter  of  combustion.  Strictly  speaking,  combustion  means 
union  ; but  it  means  chemical  union. 

Let  us  bear  in  mind,  that  coal  gas,  whether  generated  in  a 
retort  or  a furnace,  is  essentially  the  same.  Again,  that, 
strictly  speaking,  it  is  not  inflammable;  as,  by  itself,  it  can 
neither  produce  flame  nor  permit  the  continuance  of  flame  in 
other  bodies;  a lighted  taper  introduced  into  a jar  of  carburetted 
hydrogen,  (coal  gas,)  so  far  from  inflaming  the  gas,  is  itself 
instantly  extinguished.  Effective  combustion,  for  practical 
purposes,  is,  in  truth,  a question  more  as  regards  the  air  than 
the  gas.  Besides  we  have  no  control  over  the  gas,  as  to  quan- 
tity, after  having  thrown  the  coal  on  the  furnace,  though  we  can 
exercise  a control  over  that  of  the  air,  in  all  the  essentials  to 
perfect  combustion.  It  is  this  which  has  done  so  much  for  the 
perfection  of  the  lamp,  and  may  be  made  equally  available  for 
the  furnace;  yet,  strange  to  say,  in  an  age,  when  chemical 
science  is  so  advanced,  and  in  a matter  so  purely  chemical,  this 
is  precisely  what  is  least  attended  to  in  practice.  The  how,  and 
the  when,  and  the  where  this  controlling  influence  over  the 
admission  and  action  of  the  air  is  to  be  exercised,  are  points 
demanding  the  most  serious  consideration,  and  can  only  be 
decided  on  strict  chemical  principles. 

burned  in  a vessel  of  hydrogen,  as  well  as  hydrogen  in  a vessel  of  oxygen, 
the  one  and  the  other  being  equally  active  in  the  process,  and  being  related 
to  each  other  in  every  way  alike,” — Elements  of  Chemistry,  by  Itobert 
Kane,  M.D.  Part  I.,  p.  285.  1840. 


CHAPTER  III. 


OF  THE  CONSTITUENTS  OF  COAL  GAS  AND  AIR,  AND 

THE  RELATIVE  QUANTITIES  REQUIRED  FOR  COM- 
BUSTION. 

The  first  step  towards  effecting  tlie  combustion  of  any  gas, 
is  the  ascertaining  the  quantity  of  oxygen  with  which  it  will 
chemically  combine,  and  the  quantity  of  air  required  for  sup- 
plying such  quantity  of  oxygen.  Here,  then,  we  are  called  on 
for  strict  chemical  proofs — these  several  quantities  depending 
on  the  faculty  of  each  in  combining  with  certain  definite  pro- 
portions of  the  other — the  supporter ; these  respective  propor- 
tions being  termed  equivalents^^  or  combining  volumes. 

Now,  the  doctrine  of  equivalents,”  that  all-convincing 
proof  of  the  truths  of  chemistry,  reduces,  to  a mere  matter  of 
calculation,  that  which  would  otherwise  be  a complicated  tissue 
of  uncertainties. 

Much  of  the  apparent  complexity  which  exists  on  this  head 
arises  from  the  disproportion  between  the  relative  volumes^  or 
bulk,  of  the  constituent  atoms  of  the  several  gases,  as  compared 
with  their  respective  weights.  For  instance,  an  atom  of  hydrogen 
is  double  the  bulk  of  an  atom  of  carbon  vapour;  yet  the  latter  is 
six  times  the  weight  of  the  former. 

Again,  an  atom  of  hydrogen  is  double  the  bulk  of  an  atom  of 
oxygen ; yet  the  latter  is  eight  times  the  weight  of  the  former. 

So  of  the  constituents  of  atmospheric  air — nitrogen  and 
oxygen.  An  atom  of  the  former  is  double  the  bulk  of  an  atom 
of  the  latter ; yet,  in  weight,  it  is  as  fourteen  to  eight. 

I have  stated,  that  there  are  two  descriptions  of  hydro-carbon 
gases  in  the  combustion  of  which  we  are  concerned ; both  being 
generated  in  the  furnace,  and  even  at  the  same  time,  namely, 
the  carburetted  and  hi-carburetled  hydrogen  gases,  the  proportion 
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of  the  latter  in  coal  gas  being  estimated  at  about  ten  per  cent. 
For  the  sake  of  simplifying  the  explanation,  I will  confine 
myself  to  the  first. 

On  analyzing  this  gas,  we  find  it  to  consist  of  two  volumes  of 
hydrogen  and  one  of  carbon  vapour ; the  gross  bulk  of  these 
three  being  condensed  into  the  hidk  of  a single  atom  of  hydrogen, 
that  is,  into  two-fifths  of  their  previous  bulk,  as  shewn  in  the 
annexed  figures.  Let  figure  1 represent  an  atom  of  coal  gas — 
carburetted  hydrogen — with  its  constituents,  carbon  and  hydro- 
gen ; the  space  enclosed  by  the  lines  representing  the  relative 
size  or  volume  of  each ; and  the  numbers  representing  their 
respective  weights — hydrogen  being  taken  as  unity  both  for 
volume  and  weight.* 

Carburetted  Hydrogen. 

Fig.  1. 


Its  constitueuts, 


Bi-carburetted  Hydrogen. 
Fig.  2. 


* Ce  gaz  (carburetted  hydrogen)  est  compose  de  75.17  parties  (by  weight) 
de  Carbone,  et  24*33  d’hydrogene;  ou,  d’un  volume  de  carbone  gazeux  et 
quatre  volumes  de  gaz  hydrogeue,  condenses  a la  moitie  du  volume  de  ce 
dernier,  ou,  aux  2/5  du  volume  total  du  gaz,  de  maniere  que  de  cinq  volumes 
simples,  il  n’en  resulte  pas  plus  de  deux  de  la  corabinaison.” — Berzelius 
Vol.  I.,  330. 
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Let  us  now,  in  the  same  analytical  manner,  examine  an  atom 
of  atmospheric  air,  the  other  ingredient  in  combustion. 

AtTnospheric  air  is  composed  of  two  atoms  of  nitrogen  and  one 
atom  of  oxygen ; each  of  the  former  being  double  the  volume  of 
an  atom  of  the  latter,  while  their  relative  weights  are  as  four- 
teen to  eight : the  gross  volume  of  the  nitrogen,  in  air,  being 
thus  four  times  that  of  the  oxygen ; and  in  weight,  as  twenty- 
eight  to  eight,  as  shewn  in  the  annexed  figure  3. 


In  the  coal  gas  we  found  the  constituents  condensed  into  tivo- 
ffths  of  their  gross  bulk : this  is  not  the  case  with  air  ; an  atom 
of  which  is  the  same,  both  as  to  bulk  and  weight,  as  the  sum  of 
its  constituents,  as  here  shewn.  Thus,  we  find,  the  oxygen 
bears  a proportion  in  volume  to  that  of  the  nitrogen,  as  one  to 
five;  there  being  but  20  per  cent,  of  oxygen  in  atmospheric 
air,  and  80  per  cent,  of  nitrogen. 

We  now  proceed  to  the  ascertaining  the  separate  quantity  of 
oxygen  required  by  each  of  the  constituents  (of  the  gas),  so  as  to 
effect  its  perfect  combustion. 

With  respect  to  this  reciprocal  saturation,  the  great  natural 
law  is,  that  bodies  combine  in  certain  fixed  proportions  only,  both 
in  volume  and  weight.^ 


* “ L’expdrience  a demontre  que,  de  meme  que  les  elemens  se  combinent 
dans  des  proportions  fixes  et  multiples,  relativement  a \eur  poids,  ils  se  com- 
binent aussi,  d’une  maniere  analogue,  relativement  a leur  volume,  lorsqu’ils 
sont  a I’etat  de  gaz:  en  sorte  qu’un  volume  d'un  element  se  combine,  ou,  avec 
un  volume  egal  au  sien,  ou  avec  2,  3,  4 et  plus  de  fois  son  volume  d’un  autre 
element  u I’etat  de  gaz.  En  coniparant  ensemble  les  phenomenes  connus  des 
combinaisons  de  substances  gazcuses,  nous  decouvrons  les  vihnes  lots  des  ])ro- 
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The  important  bearings  of  this  elementary  principle  cannot 
be  more  strikingly  illustrated  than  in  the  combinations  of  which 
the  elements  of  atmospheric  air  are  susceptible. 

For  instance,  oxygen  unites  chemically  with  nitrogen  in  five 
different  proportions,  forming  five  distinct  bodies,  each  essen- 
tially different  from  the  others,  thus : 


Atoms.  Weight.  Atoms.  Weight.  Gross  Weight. 

1 of  Nitrogen  14  unites  with  1 of  Oxygen  8 forming  Nitrous  Oxide  22 
1 ....  14  ....  2 ....  16  . , Nitric  Oxide  . 30 

1 ....  14  ....  3 ....  24  . . Hyponitrous  Acid  38 

1 ....  14  ....  4 ....  32  . . Nitrous  Acid  . . 46 

1 ....  14  ....  5 ....  40  . . Nitric  Acid  . . 54 

Or  thus;  Fi^.  4.  ™ 


Or  thus;  Fi^.  4. 


Nitrous  Oxide. 


Nitric  Oxide. 


Hyponitrous  Acid. 


Nitrous  Acid. 


Nitric  Acid. 


portions  fixes,  que  celles  que  vous  venons  de  deduire  de  leurs  proportions  en 
poids : ce  qui  donne  lieu  a une  maniere  de  se  representer  les  corps,  qui  doivent 
se  combiner,  sous  des  volumes  relatifs  a l’6tat  de  gaz.  Les  degres  de  combi- 
naisons  sont  absolument  les  memes,  et  ce  qui  daus  Tune  est  nomme  ato?ne,  est 
dans  I’autre  appele  volume.” — Berzelius,  Vol.  IV.,  649. 
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We  here  find  the  elements  of  the  air  we  breathe,  by  a mere 
change  in  the  proportions  in  which  they  are  united,  forming 
so  many  distinct  substances,  from  the  laughing  gas,  (nitrous 
oxide,)  up  to  that  most  destructive  agent,  nitric  acid,  com- 
monly called  aqua-fortis. 

On  the  application  of  heat,  or  what  may  be  termed  the  firing  or 
lighting  the  gas,  when  duly  mixed  with  air,  the  hydrogen  sepa- 
rates itself  from  its  felloio-constituent,  the  carhrni,  and  forms  an 
nnion  with  oxygen,  the  produce  of  which  is  water.  The  satu- 
rating equivalent  of  an  atom,  or  any  other  given  quantity  of 
hydrogen,  is  not  double  the  volume,  as  in  the  case  of  the  carbon, 
but  one-half  its  volume  only — the  product  being  aqueous  va- 
pour, that  is,  steam ; the  relative  weights  of  the  combining  vo- 
lumes being  1 of  hydrogen  to  8 of  oxygen ; and  the  bulk,  when 
combined,  being  two-thirds  of  the  bulk  of  both  taken  together, 
as  shewn  in  the  annexed  figure. 


Again,  the  carbon,  on  meeting  its  equivalent  of  oxygen, 
unites  with  it,  forming  carbonic  acid  gas,  composed  of  one  atom 
of  carbon,  (by  weight  6,)  and  two  atoms  of  oxygen,  (by  weight 
16,)  the  latter,  in  volume,  being  double  that  of  the  former,  as 
in  the  annexed  figure. 


Fig.  G. 


V No  facts  in  chemistry,  therefore,  can  be  more  decidedly 
proved,  than  that  one  atom  of  hydrogen  and  one  atom  of  oxy- 
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gen  (the  former  being  double  the  hulk  of  the  latter')  unite  in  the 
formation  of  water;  and,  furtlier,  that  one  atom  of  carbon  va- 
pour and  two  atoms  of  oxygen  {the  latter  being  double  the  bulk 
o f the  former)  unite  in  the  formation  of  carbonic  acid  gas. 

Plaving  thus  ascertained  the  quantity  of  oxygen  required  for 
the  saturation  and  combustion  of  the  two  constituents  of  coal 
gas,  the  remaining  point  to  be  decided  is,  the  quantity  of  air 
that  will  be  required  to  supply  this  quantity  of  oxygen. 

This  is  easily  ascertained,  seeing  that  we  know  precisely  the 
proportion  which  oxygen  bears,  in  volume,  to  that  of  the  air. 
For,  as  the  oxygen  is  but  one-fifth  of  the  bulk  of  the  oat ^ five 
volumes  of  the  latter  will  necessarily  be  required  to  produce 
one  of  the  former ; and,  as  we  want  two  volumes  of  oxygen  for 
each  volume  of  the  coal  gas,  it  follows,  that,  to  obtain  those  two 
volumes^  we  must  provide  ten  volumes  of  air. 

As  the  proportion  of  air  required  for  the  combustion  of  the 
bi-carburetted  hydrogen  (olefiant  gas)  is  necessarily  larger  than 
for  the  carburetted  hydrogen,  a diagram  of  each  is  annexed, 
shewing  the  volume  of  air  required  for  combustion. 


Carburetted  Hydrogen. 


Before  combustion.  Elementary  mixture. 


Products  of  combustion. 


Weight. 


Atoms. 


Weight. 


8 Carburetted 
Hydrogen. 


144  Atmospheric 
Air. 


1 Carbon... 

1 Hydrogen 
1 Hydrogen 

1 Oxygen... 

1 Oxygen... 

1 Oxygen... 

1 Oxygen... 

8 Nitrogen  112 


Weight. 

Carbonic  Acid. 


9 Steam. 
9 Steam. 


112  Uncombined 
Nitrogen. 


152 


152 


152 


Bi-Carhuretted  Hydrogen. 


Before  combustion.  Elementary  mixture.  Products  of  combustion. 


WeigJit.  Atoyns.  Weight. 


Weight. 


14  Bi-carburetted 
Hydrogen. 


I 


1 Carbon... 
1 Carbon... 
1 Hydrogen 
1 Hydrogen 


*21 6 Atmospheric 
Air. 


1 Oxygen... 
1 Oxygen... 
1 Oxygen... 
■ 1 Oxygen... 
1 Oxygen... 
1 Oxygen... 


6 

6 

1 

1 

8 

8 

8 

8 

8 

8 


^ 12  Nitrogen  168 


22  Carbonic  Acid. 
22  Carbonic  Acid. 
9 Steam. 

9 Steam. 


168  Uncombined 
Nitrogen. 


230 


230 


230 


CHAPTER  IV. 


OF  THE  QUANTITY  OF  AIR  REQUIRED  FOR  THE  CON- 

BUSTION  OF  CARBON,  AFTER  THE  GAS  HAS  BEEN 

GENERATED. 

!»• 

Having  disposed  of  the  question  of  quantity,  as  regards  the 
supply  of  air  required  for  the  saturation  and  combustion  of  the 
gaseous  portion  of  coal,  we  have  now  to  answer  a correspondiug 
question,  with  reference  to  the  carbonaceous  part  resting  in  a 
solid  form  on  the  bars  after  the  gaseous  matter  has  been  evolved. 

Carbon  is  stated,  by  chemists,  to  be  susceptible  of  uniting 
with  oxygen  in  three  proportions,  by  which  three  distinct  bodies 
are  formed,  possessing  distinct  chemical  properties. 

This  peculiarity  of  the  unions  of  carbon  with  oxygen  is 
wholly  unattended  to  in  practice : yet  we  shall  see  how  essential 
it  is  in  considering  the  quantity  of  air  to  be  introduced  to  a 
furnace . 

These  three  proportions,  in  which  carbon  unites  with  oxygen, 
form,  first,  carbonic  acid;  second,  carbonic  oxide;  and,  third, 
carbonous  acid  (or  oxalic  acid).  With  the  first  and  second  only 
we  have  to  deal  in  the  furnace — the  difiference  between  these 
two  formations  being  peculiarly  important  to  our  present 
subject. 

Were  carbonic  acid  the  only  product  of  the  combustion  of 
the  carbon  of  the  coal  in  the  furnace,  no  more  would  here  have 
to  be  said;  but  there  is  the  other  state  in  which  we  find  carbon 
uniting  and  passing  away  with  oxygen,  and  which  gives  rise  to 
considerations  of  the  utmost  importance  in  this  branch  of  the 
inquiry.  This  other  state  is  that  of  carbonic  oxide,  the  forma- 
tion of  which,  in  the  furnace,  is  wholly  unheeded  in  practice, 
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although  its  influence  on  the  quantity  of  heat  obtained  is 
very  considerable,  the  very  name  of  this  gas  not  having  hitherto 
been  noticed  by  any  writer  in  connexion  with  combustion  in 
the  furnace. 

Carbonic  acid,  we  have  seen,  is  a compound  of  one  atom  of 
carbon  with  two  atoms  of  oxygen;  while  carbonic  oxide  is  com- 
posed of  the  same  quantity  of  carbon  with  but  half  the  above 
quantity  of  oxygen,  as  in  the  annexed  figures. 


Oxygen,  8, 
Oxygen,  8, 


Fig.  7. 


Here  we  see,  that  carbonic  oxide,  though  containing  but 
one-half  the  quantity  of  oxygen,  is  yet  of  the  same  bulk  or  vo- 
lume as  carbonic  acid,  a circumstance  of  considerable  import- 
ance on  the  mere  question  of  draught,  and  supply  of  air,  as  will 
be  hereafter  shewn. 

Now,  the  combustion  of  this  oxide,  by  its  conversion  into  the 
acid,  is  as  distinct  an  operation  as  the  combustion  of  the  car- 
buretted  hydrogen,  or  any  other  combustible ; yet  all  this  is 
wholly  overlooked  in  practice  in  the  operations  carried  on  in  the 
furnace. 

But  the  most  important  view  of  the  question,  and  one  which 
is  little  known  to  practitioners  outside  the  laboratory,  is  as  re- 
gards the  fyrmation  of  this  oxide ; and  this  is  the  part  of  the 
inquiry  which  most  requires  our  attention, 
k The  direct  effect  of  the  union  of  carbon  and  oxygen  is  the 
formation  of  carbonic  acid.  If,  however,  we  abstract  one  of  its 
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portions  of  oxygen,  tlic  remaining  proportions  would  then  be 
tliose  of  carbonic  oxide.  It  is  equally  clear,  however,  that  if 
we  add  a second  portion  of  carbon  to  carbonic  acid,  we  shall 
arrive  at  the  same  result,  namely,  the  having  carbon  and  oxy- 
gen combined  in  equal  proportions,  as  we  see  in  carbonic  oxide. 


By  the  addition,  then,  of  a second  proportion  of  carbon  to 
the  above,  kvo  volumes  of  carbonic  oxide  will  be  formed — 
thus  : 


Oxygen,  8, 
Oxygen,  8, 


Fig.  10. 


Carbon,  6,  forming  Carbon  Oxide,  14 
Carbon,  6,  forming  Carbon  Oxide,  14 


Now,  if  these  two  volumes  of  carbonic  oxide  cannot  find  the 
oxygen  required  to  complete  their  saturating  equivalents,  they 
pass  away  necessarily  but  half  consumed,  a circumstance  which  is 
constantly  taking  place  in  all  furnaces  where  the  air  has  to  pass 
through  a body  of  incandescent  carbonaceous  matter. 

This  frequently  leads  to  a fatal  error  in  what  is  called  the 
combustion  of  smoke  ” : for  if  the  carbonaceous  constituent 
of  coal,  and,  while  yet  at  a high  temperature,  encounters  car- 
bonic acid,  this  latter,  taking  up  an  additional  portion  of  carbon, 
is  converted  into  carbonic  oxide,  and  again  becomes  a gaseous 
and  invisible  combustible. 

The  most  prevailing  operation  of  the  furnace,  however,  and 
by  which  the  largest  quantity  of  carbon  is  lost  in  the  shape  of 
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carbonic  oxide,  is  thus  : — The  air,  on  entering  from  the  ashpit, 
gives  out  its  oxygen  to  the  glowing  carbon  on  the  bars,  and 
generates  much  heat  in  the  formation  of  carbonic  acid.  This 
acid,  necessarily  at  a very  high  temperature,  passing  upwards 
through  the  body  of  incandescent  solid  matter,  takes  up  an  ad- 
ditional portion  of  the  carbon,  and  becomes  carbonic  oxide.* 

Thus,  by  the  conversion  of  one  volume  of  acid  into  two  vo- 
lumes of  oxide,  heat  is  actually  absorbed,  while  we  also  lose 
the  portion  of  carbon  taken  up  during  such  conversion,  and 
are  deceived  by  imagining  we  have  burned  the  smohe.^"' 

The  formation  of  this  compound,  carbonic  oxide,  being  thus 
attended  by  circumstances  of  a curious  and  involved  nature, 
is,  probably,  the  cause  of  the  prevailing  ignorance  of  its  pro- 
perties. For,  while  we  find,  in  every  mouth,  the  term  carbonic 
acid,  as  the  product  of  combustion,  we  hear  nothing  of  carbonic 
oxide,  one  of  the  most  waste-inducing  compounds  of  the  furnace, 
unless  provided  with  its  equivalent  volume  of  air,  by  which  its 
combustion  will  be  effected,  f 

Another  important  peculiarity  of  this  gas  (carbonic  oxide) 
is,  that,  by  reason  of  its  already  possessing  one-half  its  equi- 
valent of  oxygen,  it  inflames  at  a lower  temperature  than  the 

ordinary  coal-gas  ; the  consequence  of  which  is,  that  the  latter, 

■» 

on  passing  into  the  flues,  is  often  cooled  down  below  the  tem- 

* “ Carbonic  oxide  may  be  obtained  by  transmitting  carbonic  acid  over 
red  hot  fragments  of  charcoal  contained  in  an  iron  or  porcelain  tube.  It  is 
easily  kindled  : combines  with  half  its  volume  of  oxygen,  forming  carbonic 
acid,  which  retains  the  original  volume  of  the  carbonic  oxide.  The  com- 
bustion is  often  witnessed  in  a coke  or  charcoal  fire.  The  carbonic  acid  pro- 
duced in  the  lower  part  of  the  fire  is  converted  into  carbonic  oxide  as  it  passes 
up  through  the  red  hot  embers.” — Graham’s  Elements  of  Chemistry. 

t “ Among  the  stove-doctors  of  the  present  day,  none  are  more  dangerous 
than  those  who,  on  the  pretence  of  economy  and  convenience,  recommend 
to  keep  a large  body  of  coke  burning  slowly,  with  a slow  circulation  of  air. 
An  acquaintance  with  chemical  science  would  teach  them,  that,  in  the  ob- 
scure combustion  of  coke  or  charcoal,  much  carbonic  oxide  is  generated,  and 
much  fuel  consumed,  with  the  production  of  little  heat ; and  physical  science 
would  teach  them,  that,  when  the  chimney  draught  is  languid,  the  burned 
air  is  apt  to  regurgitate  through  every  seam  or  crevice,  with  the  imminent 
risk  of  causing  asphyxia,  or  death,  to  the  inmates  of  apartments  so  preposte- 
rously heated.” — Dr.  lire's  Paper  on  Ventilating  and  Heating  Apartments, 
read  before  the  Royal  Society,  \Qth  June,  1836. 
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perature  of  ignition ; while  the  former  is  sufficiently  heated, 
even  after  having  reached  the  top  of  the  chimney,  and  is  there 
ignited  on  meeting  the  air.  This  is  the  cause  of  the  red  flame 
often  seen  at  the  tops  of  chimneys  and  the  funnels  of  steam- 
vessels 

We  may  thus  set  it  down  as  a certainty,  that,  if  the  carbon, 
either  of  the  gas  or  of  the  solid  mass  on  the  bars,  passes  away 
in  union  with  oxygen  in  any  other  form  or  proportion  than  that 
of  carbonic  acid,  a commensurate  loss  of  heating  effect  is  the 
result. 

Hence  we  see  how  the  peculiar  influence  which  carbonic 
oxide  exercises,  in  its  formation  and  combustion,  justifies  the 
observation  of  Chevreul,  in  his  Le9ons  de  Chimie,”  that  la 
connaissance  de  ses  proprietes  est  indispensable  pour  bien  connoitre 
le  carbon^ 

Of  the  application  of  carbonic  oxide  in  the  manufacture  of 
iron,  and  the  mode  of  effecting  its  combustion,  notice  will  be 
taken  in  a subsequent  chapter. 


CHAPTER  V. 


OF  THE  QUALITY  OF  THE  AIR  ADMITTED  TO 

A FURNACE. 

When  we  speak  of  mixing  a given  quantity  of  oxygen  with 
a given  quantity  of  coal  gas,  we  do  so  because  we  know  that 
the  former  is  required  to  saturate  the  latter ; so  when  we  speak 
of  mixing  a given  volume  of  atmospheric  air  with  a given  volume 
of  coal-gas,  we  do  so  knowing  that  such  precise  quantity  of 
air  will  provide  the  required  quantity  of  oxygen. 

If,  however,  by  any  circumstance,  accidental  or  otherwise, 
the  air  we  employ  has  either  lost  any  portion  of  its  oxygen,  or 
is  mixed  with  any  other  gas  or  matter,  it  no  longer  bears  the 
character  of  pure  atmospheric  air,  and  cannot  satisfy  the 
condition  as  to  quantity  of  oxygen  which  was  essential  to  our 
purpose. 

We  require  ten  cubic  feet  of  air  to  supply  two  cubit  feet  of 
oxygen  to  effect  the  combustion  of  one  cubic  foot  of  coal  gas ; but 
if  this  quantity  of  air  does  not  contain  this  20  per  cent.,  it  is 
manifest  we  cannot  obtain  it.  The  air,  in  this  case,  may  be 
said  to  be  vitiated  or  deteriorated ; and,  in  this  sense,  the  quality 
of  the  air  we  employ  is  entitled  to  serious  consideration. 

Let  us  now  inquire  how  far  the  ordinary  mode  of  constructing 
and  managing  our  furnaces  enables  us  to  satisfy  this  condition, 
namely,  the  providing  unvitiated  air  both  to  the  solid  car- 
honaceous  portion  of  the  coal  on  the  bars,  and  the  gaseous  portion 
in  the  furnace. 

Tredgold,  and  others  after  him,  overlooking  these  distinctive 
features  in  the  processes  which  coal  undergoes  in  its  progress 
towards  combustion,  give  preposterous  directions  as  to  the 
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introduction  of  air.  He  says,  The  opening  to  admit  air  (the 
ashpit)  should  be  sufficiently  large  for  producing  the  greatest 
quantity  of  steam  that  can  be  required,  but  not  larger.”  Here 
we  find  the  quantity  of  steam'^  actually  considered  as  depen- 
dent on  the  area  of  the  opening  to  admit  air  ” to  the  ashpit, 
than  which  nothing  can  be  more  incorrect.*  If,  then,  Tred- 
gold  could  so  palpably  overlook  the  chemical  essentials  in  the 
combustion  of  the  two  separate  constituents  of  coal,  it  cannot 
be  a matter  of  surprise  that  those  who  have  been  taught  to 
follow  in  his  steps  should  have  made  so  little  advance  in  per- 
fecting our  system  of  furnaces. 

I have  alluded  to  Tredgold’s  directions  with  the  view  of 
pointing  attention  to  that  which  has  hitherto  been  so  neglected, 
namely,  the  two  distinct  operations  of  supplying  air  to  the  gas 
generated  in  the  upper  part  of  the  furnace,  and  to  the  solid 
carbon  resting  on  the  bars ; and,  also,  to  the  injury  caused  by 
compelling  the  whole  supply  to  pass  through  the  ashpit,  and 
through  such  solid  carbon ; by  which  not  only  a deficiency  of 
oxygen  is  occasioned  in  the  air  intended  for  burning  the  gas, 
but  an  undue  and  injurious  urging  of  the  combustion  of  the 
carbonaceous  matter.f 

Yet  this  is  our  daily  practice.  We  bring  air  to  the  gases 
which  has  already  been  employed  in  a separate  and  even  de- 

* In  the  construction  of  fire-places  for  boilers,”  he  observes,  “ we  have 
to  combine  every  thing  which  is  likely  to  add  to  the  effect  of  fuel,  and  to 
avoid  every  thing  which  tends  to  diminish  it,  as  far  as  possible.  Now,  with- 
out some  knowledge  of  the  nature  of  the  operation  of  burning,  it  wUl  scarcely 
be  possible  to  do  any  thing  good  except  by  mere  accident.  We  should  be 
like  seamen  in  a vessel  at  sea  without  a compass,  with  as  little  chance  of 
steering  to  the  intended  port.’’ 

No  man  can  question  whether  the  absence  of  a compass  would  not  be  pre- 
ferable to  one  which  should  directly  induce  us  to  steer  a wrong  course. 

t “ To  succeed  in  consuming  the  combustible  gases,”  observes  Tredgold, 
“ it  is  necessary  that  they  mix  with  air  that  has  become  hot,  by  passing 
through^  over,  or  among  the  fuel  which  has  ceased  to  smoke  ; the  words  of 
the  patent  of  Mr.  Watt,  dated  1785.” 

Here  there  can  be  no  mistake,  yet  nothing  can  be  more  unscientific  or  un- 
sound in  principle.  The  inevitable  result  of  this  operation  would  be : first, 
the  depriving  the  air,  more  or  less,  of  its  oxygen  j and,  second,  by  urging  this 
increased  quantity  of  air  to  act  like  a blast  on  such  red  hot  fuel,  to  consume 
it  with  unnecessary  and  injurious  rapidity. 
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sti'uctive  process,  and  yet  expect  the  result  to  be  satisfactory 
and  the  combustion  complete.  And  when  we  find,  instead  of 
producing  carbonic  acid  and  water,  that  we  have  produced  a 
large  volume  of  smoke — of  unconsumed  combustible  matter — 
we  then  set  about  inventing  processes  by  which  this  smoke  is 
to  be  consumed p and  the  evil  we  had  ourselves  produced, 

corrected. 


CHAPTER  VI. 


OF  THE  MIXING  AND  INCORPORATION  OP  AIR  AND 

COAL  GAS. 

Having  disposed  of  the  questions  regarding  the  quantity  and 
quality  of  the  air  to  be  admitted,  our  next  consideration  is,  the 
effecting  such  a mixture  as  is  required  for  effective  combustion. 

It  seems  taken  for  granted,  in  practice  on  the  large  scale, 
that,  if  air,  by  any  means,  be  introduced  to  “ the  fuel  in  the 
furnace,”  it  will,  as  a matter  of  course,  mix  with  the  gas,  or 
other  combustible,  in  a proper  manner,  and  assume  the  state 
suitable  for  combustion,  whatever  be  the  nature  or  state  of  such 
fuel.  Yet,  as  well  might  it  be  said,  that  bringing  together 
given  quantities  of  nitre,  sulphur,  and  charcoal,  in  masses,  was 
sufficient  for  the  constitution  of  gunpowder.  It  is,  however, 
the  proper  distribution,  mixture,  and  incorporation  of  the 
respective  elementary  atoms  of  those  masses  which  impart 
efficiency  and  simultaneousness  of  action,  and,  necessarily,  their 
explosive  character : * and  so,  also,  in  the  bringing  bodies  of 
gas  and  air  into  a state  of  preparation  for  efficient  and  simulta- 
neous combustion. 

In  operating  in  the  laboratory,  when  we  mix  a measured  jar 
of  an  inflammable  gas  with  a due  complement  of  oxygen  gas, 

* Doctor  Ure  in  his  Chemical  Dictionary,  puts  this  clearly  and  forcibly. 
Gunpowder  is  composed  of  given  weights  of  nitre,  charcoal,  and  sulphur,  ‘in- 
timately blended  together  by  long  pounding  in  wooden  mortars.”  Again, 
“ The  variations  of  strength,  in  different  samples,  are  generally  occasioned  by 
the  more  or  less  intimate  division  and  mixture  of  the  parts.  The  reason  of 
this  may  be  easily  deduced  from  the  consideration,  that  nitre  does  not  detonate 
until  in  contact  with  inflammable  matter  : whence  the  whole  detonation  will 
be  moi’e  speedy  the  more  numerous  the  surfaces  of  contact.’* 
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the  operation  being  performed  leisurely,  due  incorporation  fol- 
lows, and  no  question  as  to  the  ivant  of  time  arises. 

In  this  operation  the  quantities  are  small : both  bodies  are 
gaseous : there  is  no  disturbing  influence  from  the  presence  of 
other  matter : the  relative  quantities  of  both  are  in  saturating 
proportions ; and  above  all,  are  unaffected  by  current  or  draught. 

But  compare  this  deliberate  laboratory  operation  with  what 
takes  place  in  the  furnace.  First,  the  quantities  are  large : 
secondly,  the  bodies  to  be  consumed  are  partly  gaseous,  partly 
solid : thirdly,  the  gases  evolved  from  the  coal  are  part  combus- 
tible and  part  incombustible  : fourthly,  they  are  forced  into 
connection  with  a large  and  often  overwhelming  quantity  of  the 
products  of  combustion,  chiefly  carbonic  acid  : fifthly,  the  very 
air  introduced  is  itself  deteriorated  in  passing  through  the  bars 
and  incandescent  fuel  on  them,  and  thus  deprived  of  much  of 
its  oxygen : sixthly,  and  above  all,  instead  of  being  allowed  a 
suitable  time,  the  whole  are  hurried  away  by  the  current  or 
draught  in  large  masses. 

Dr.  Beid,  in  his  Elements  of  Chemistry,”  when  describing 
the  detonating  mixture,  directs  that  the  oxygen  be  well 
mingled  with  the  hydrogen.”  Here  deliberate  measures  are 
taken  for  the  diffusion  of  a mere  phialful,  yet  we  take  no  pains  to 
have  these  same  ingredients  well  mingled  ” in  the  furnace  ! 

In  the  “ Experimental  Researches  on  the  Diffusion  of 
Gases,”  by  Mr.  Graham,  we  have  abundant  proof  of  the  abso- 
lute necessity  for  giving  time.  In  one  case,  he  observes,  “ the 
receiver  was  filled  with  75  volumes  of  hydrogen,  and  75  of 
olefiant  gas,  agitated  and  allowed  to  stand  over  water  for  twenty- 
four  hours,  that  the  mixture  might  he  as  perfect  as  'possible,'^  In 
general,  he  allowed  four  hours  to  elapse  before  he  considered  the 
gases  adequately  mixed. 

Professor  Daniell  finds,  that  even  in  laboratory  experiments, 
it  is  essential  to  give  an  excess  of  oxygen  to  secure  an  adequate 
portion  reaching  each  atom  of  the  gas  to  be  consumed,  no  more, 
however,  being  consumed  than  its  due  equivalent  of  oxygen.* 

* “ In  the  process  which  has  been  described  for  collecting  the  products  of 
the  detonation  of  hydrogen,  and  oxygen  it  is  necessary  that  they  he  mixed 
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But  the  observations  of  Professor  Faraday  sliould  satisfy  us  at 
onee  on  the  question  of  time^  and  justifies  the  attributing  so  much 
importance  to  this  hitherto  neglected  feature  in  the  process  of 
combustion  on  the  large  scale.  In  his  “ Chemical  Manipula- 
tions/’ p.  360,  he  says,  It  will  be  proper  to  observe,  that,  al- 
though in  making  mixtures  of  gases,  they  will  become  uniform 
without  agitation,  if  sufficient  time  he  allowed^  the  period  required 
will  be  very  long,  extending  even  to  hours,  in  narrow  vessels. 
If  hydrogen  be  thrown  up  into  a wide  jar  full  of  oxygen,  so  as 
to  fill  it,  and  no  further  agitation  given,  the  mixture,  after  the 
lapse  of  several  minutes,  will  still  be  of  different  composition  above 
and  below.”  Here  are  several  minutes  proved  to  be  necessary 
in  effecting  adequate  mixture  in  a jar  full  of  the  gases,  whereas 
we  cannot  afford  even  several  seconds  for  the  mixing  of  a furnace 
full. 

Now  this  brings  us  to  the  conclusion,  that,  as  we  cannot  force 
the  gas  and  air  to  mingle  with  sufficient  rapidity,  under  the 
ordinary  circumstances  of  the  furnace,  our  views  should  be  di- 
rected to  the  effecting  such  modifications  of  that  furnace  as  will 
aid  nature  in  those  arrangements  which  are  essential  to  combus- 
tion, rather  than  in  obstructing  them. 

Having  consulted  Professor  Daniell  on  this  subject,  his 
opinion,  here  given,  is  of  importance. 

OPINION. 

“ King’s  College,  8th  August,  1840. 

“ There  can  be  no  doubt,  that  the  affinity  of  hydrogen  for 
oxygen  under  most  circumstances  is  stronger  than  that  of  car- 
bon. If  a mixture  of  two  parts  of  hydrogen  and  one  of  carbonic 
acid  be  passed  through  a red-hot  tube,  water  is  formed,  a por- 
tion of  charcoal  is  thrown  down,  and  carbonic  oxide  passes  over 
with  the  excess  of  hydrogen. 

very  accurately,  in  the  proportion  of  two  of  hydrogen  to  one  of  oxygen.  In 
these  proportions  they  enter  into  coinhincLtion,  mid  in  none  other , uiid  if  cither 
were  in  excess,  the  surplus  would  be  left  after  detonation,  l^auxcll  6 hitf  ci— 
duction  to  Chemical  Vhilosophy 
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With  regard  to  tli6  different  forms  of  hydro-carbon,  it  is 
well  known,  that  the  whole  of  the  carbon  is  never  combined 
with  oxygen  in  the  processes  of  detonation  or  silent  combustion, 
unless  a large  excess  of  oxygen  he  present. 

For  the  complete  combustion  of  olefiant  gas,  it  is  necessary 
to  mix  the  gas  with  Jive  times  its  volume  of  oxygen,  though  three 
only  are  cmsumed.  If  less  be  used,  part  of  the  carbon  escapes 
combination^  and  is  deposited  as  a black  powder.  Even  sub- 
carburetted  hydrogen  it  is  necessary  to  mix  with  more  than 
twice  its  bulk  of  oxygen,  or  the  same  precipitation  will  occur. 

‘‘It  is  clear,  therefore,  that  the  whole  of  the  hydrogen 
of  any  of  these  compounds  of  carbon  may  be  combined  with 
oxygen,  while  a part  of  their  carbon  may  escape  combustion, 
and  that  even  when  enough  of  oxygen  is  present  for  its 
saturation. 

“ That  which  takes  place  when  the  mixture  is  designedly 
made  in  the  most  perfect  manner  must,  undoubtedly,  arise  in 
the  common  processes  of  combustion,  where  the  mixture  is  for- 
tuitous and  much  less  intimate.  Any  method  of  ensuring  the 
complete  combustion  of  fuel,  consisting  partly  of  the  volatile 
hydro-carbons,  must  he  founded  upon  the  principle  of  producing 
an  intimate  mixture  with  them  of  atmospheric  air,  in  excess,  in  that 
part  of  the  furnace  to  which  they  naturally  rise.  In  the  com- 
mon construction  of  furnaces  this  is  scarcely  possible,  as  the 
oxygen  of  the  air,  ivhich  passes  through  the  fire  bars,  is  mostly 
expended  upon  the  solid  part  of  the  ignited  fuel  with  which  it  first 
comes  in  contact.  * 

“ J.  F.  D ANIELL. 

“ To  C.  W.  Williams,  Esq.,  &c.  &c.” 


CHAPTER  VIT. 


OF  THE  CONDITIONS  ON  WHICH  THE  INCORPORATION 
OF  THE  GAS  AND  AIR  ARE  EFFECTED  PREPARA- 
TORY TO  COMBUSTION. 

Professor  Daniell,  in  the  opinion  just  quoted,  states  the 
true  principle  on  which  any  improvement  in  our  furnaces  for 
ensuring  the  complete  combustion  of  bituminous  coal  must  be 
founded,  namely,  the  producing  an  intimate  previous  mixture 
between  the  gaseous  portion  and  atmospheric  air. 

On  this  head  we  find  many  convincing  illustrations  of  what 
nature  requires,  and  what  a judicious  mode  of  bringing  air  to 
the  gas  can  effect,  in  the  common  candle,  and  in  the  Argand 
lamp,  that  I propose  examining  these  two  exemplifications  of 
gaseous  combinations  and  combustion,  in  the  manner  adopted 
by  the  best  British  and  continental  chemists. 

Mr.  Brande  observes,  “ In  a common  candle,  the  tallow  is 
drawn  into  the  wick  by  capillary  attraction,  and  there  con- 
verted into  vapour,  which  ascends  in  the  form  of  a conical  co- 
lumn, and  has  its  temperature  sufficiently  dlevated  to  cause  it 
to  combine  with  the  oxygen  of  the  surrounding  atmosphere, 
with  a temperature  equivalent  to  a ivhite  heat.  But  this  com- 
bustion is  superficial  only,  the  flame  being  a thin  film  of  white 
hot  vapour,  enclosing  an  interior  portion,  which  cannot  burn  for 
want  of  oxygen.  It  is  in  consequence  of  this  structure  of  the 
flame  that  we  so  materially  increase  its  heat,  by  propelling  a cur- 
rent of  air  through  it  by  the  blow-pipe.'^ 

Dr.  Reid  observes,  ""  The  flame  of  a candle  is  produced  by 
the  gas  formed  around  the  wick  acting  upon  the  oxygen  of  the 
air:  thefiome  is  solely  at  the  exterior  portion  of  the  ascending  gas. 


31 


All  ivitliout  is  merely  heated  air,  or  the  products  of  combustion  ; 
all  within  is  unconsumed  gas^  rising  in  its  turn  to  affect  (mingle 
with)  the  oxygen  of  the  air. 

If  a glass  tube  be  introduced  within  the  flame  of  a lamp 
or  candle,  (as  represented  in  Fig.  11,)  part  of  the  unconsumed 
gas  passes  through  it,  and  may  be  kindled  as  it  escapes.” 

Fig.  11. 


Berthier,  vol.  i.,  p.  177,  observes,  ^‘The  flame  presents  four 
distinct  parts  : namely,  first,  the  base,  of  a sombre  blue ; this  is 
the  gas  which  burns  with  difficulty,  because  it  has  not  yet  ac- 
quired a sufficiently  high  temperature ; secondly,  an  interior 
dark  cone : this  is  combustible  gas  highly  heated,  hut  tohich  does  not 
hum,  because  it  is  not  mixed  with  air  ; thirdly,  the  brilliant  conical 
envelope : in  this  part,  combustion  takes  place  with  a deposit  of 
carbon ; fourthly,  a conical  envelope,  which  gives  but  little  light, 
(‘  trespeu  lumineuse,'')  surrounding  the  whole  flame,  extremely 
thin  or  attenuated  (‘  extremement  mincd\  Combustion  is  com- 
plete in  this  part,  and  it  is  at  its  contact  with  the  luminous  en- 
velope that  the  temperature  is  the  highest.” 

Berzelius,  vol.  viii.,  p.  151,  observes  of  the  flame  of  a candle: 
— At  its  base  we  perceive  a small  part  of  a deep  blue  colour. 
In  the  middle  is  a dark  part  which  contains  the  gas  evolved 
from  the  wick,  but  which,  not  being  yet  in  contact  with  the  air,  cannot 
bum : outside  of  this  is  the  brilliant  part  of  the  flame.  W e 
also  perceive  on  the  confines  of  this  latter,  a thin  faintly  lumi- 
nous envelope,  which  becomes  larger  towards  the  summit  of  the 
flame.  It  is  there  that  the  flame  is  hottest.  Dr.  Thomson, 
in  his  work  on  Heat  and  Electricity,”  and  Dumas,  in  his 
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“ Traitc  do  Cliimic  appliqiioc  aux  Arts,”  give  similar  illustra- 
tions of  the  combustion  of  the  gas  in  the  flame  of  a candle.  Dr. 
Ure  observes,  “ Nothing  places  in  a clearer  light  the  heedless- 
ness of  mankind  to  the  most  instructive  lessons  than  their  neg- 
lecting to  perceive  the  difficulty  of  duly  intermingling  air  with 
inflammable  vapours,  for  the  purpose  of  their  combustion,  as 
exhibited  in  the  everyday  occurrence  of  the  flame  of  a tallow 
candle,  or  common  oil  lamp ; for,  though  this  flame  be  in  con- 
tact, externally,  with  a current  of  air  created  by  itself,  yet  a 
large  portion  of  the  tallow  and  oil  passes  off  unconsumed,  with  a 
great  loss  of  the  light  and  heat  which  they  are  capable  of 
producing.” 

It  is  here  to  be  remarked,  that  notwithstanding  the  attention 
given  to  the  subject  by  these  chemical  authorities,  they  have, 
nevertheless,  omitted  noticing  the  presence  of  the  water  pro- 
duced by  the  combustion  of  the  gas,  and  which  will,  hereafter,  be 
shewn  to  be  one  of  the  most  important  products  escaping  from 
the  furnace.  This  will  be  treated  in  a separate  chapter. 

All  these  authorities  agree  in  the  main  facts : first,  that  the 
dark  specks  in  the  centre  of  the  flame  is  a body  of  unconsumed 
gas  ready  for  comhustion,  and  only  yfdatmg  ihe  preparatory  step  — 
the  mixing  — the  getting  into  contact  with  the  oxygen  of  the  air  : 
secondly,  that  that  portion  of  the  gas  in  which  the  due  mixing 
has  been  effected,  forms  but  a thin  film  on  the  outside  of  such 
unconsumed  gas : thirdly,  that  the  products  of  combustion  form 
the  transparent  envelope,  which  may  be  perceived  on  close  in- 
spection : fourthly,  that  the  collection  of  gas  in  the  interior  of  the 
flame  cannot  burn  there  for  want  of  oxygen. 

Now  these  points  involve  the  whole  of  the  case  of  the  furnace: 
— they  reveal  the  difference  between  perfect  and  imperfect 
combustion.  The  bodies  of  gas  and  air  have,  it  is  true,/ree  ac- 
cess to  each  other : yet,  time  is  wanting  for  their  due  mixture. 
Thus,  diffusion  and  combustion  only  proceed,  pari  passu,  as  the 
constituent  atoms  of  the  gas,  taking  their  turnfi  are  enabled  to 
get  into  contact  with  their  respective  equivalent  atoms  of  atmos- 
pheric oxygen. 

I have  not  hitherto  quoted  Sir  Humphry  Davy  on  this  head, 
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for  his  whole  “ Researches  on  Flame  ” go  in  corroboration  of  the 
facts  here  stated,  and  the  inferences  drawn  by  so  many  com- 
petent authorities.* 

If,  then,  the  unrestricted  access  of  air  to  this  small  flame  is 
not  able,  by  the  laws  of  difliision,  to  form  a due  mixture  in 
time  for  ignition,  a fortiori,  it  cannot  do  so  when  the  supply  of 
air  is  restricted  and  that  of  the  gas  increased. 

Dr.  Reid,  speaking  of  the  Argand  lamp.  Fig.  12,  observes, 
that  the  intensity  of  the  heat  is  augmented  by  causing  the  air 
to  enter  in  the  middle  of  a circular  wick,  or  series  of  gas-jets,  so 
that  more  gas  is  consumed  within  a given  space  than  in  the 
ordinary  manner. 

But  why  is  more  gas  consumed  ivithin  this  given  space  f 
Solely  because  more  capability  for  mixture  is  afforded,  and  a 
greater  number  of  accessible  points  of  contact  obtained,  arising 
out  of  this  series  of  jets.  This  may  be  seen  in  Fig.  13,  where 
the  inner  surfaces,  a a,  are  shewn  in  addition  to  the  outer  ones  h h. 

Fig.  U. 


Fig.  12. 


“ If  the  aperture,”  he  observes,  “ by  which  air  is  admitted 
into  the  interior  of  the  flame  be  closed,  the  flame  immediately 
assumes  the  form  shewn  in  Fig.  14 ; part  of  the  supply  of  air 

* “In  looking  steadfastly  at  flame,”  he  observes,  “the  part  where  the 
combustible  is  volatilized  is  seen,  and  it  appears  darker,  contrasted  with  the 
part  in  which  it  begins  to  burn,  that  is,  where  it  is  so  mixed  with  air  as  to 
become  explosive.” 
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being  thus  cut  off,  it  extends  farther  into  the  air  before  it  meets 
with  the  oxygen  necessary  for  its  combustion.” 

Here  we  trace  the  length  of  the  flame  to  the  diminished  rate 
of  mixing  and  combustion,  occasioned  by  the  want  of  adequate 
access,  within  any  given  time,  between  the  gas  and  the  air, 
until  too  late — until  the  ascending  current  has  carried  them  be- 
yond the  temperature  required  for  chemical  action ; the  car- 
bonaceous constituent  then  losing  its  gaseous  character,  assuming 
its  former  colour  and  state  of  a black  pulverulent  body,  and 
becoming  true  smoke. 

In  looking  for  a remedy  for  the  evils  arising  out  of  the  hur- 
ried state  of  things  which  the  interior  of  a furnace  naturally 
presents,  and  observing  the  means  by  which  the  gas  is  ef- 
fectually consumed  in  the  Argand  lamp,  it  seemed  manifest, 
that,  if  the  gas  in  the  furnace  could  be  presented,  by  means  of 
jets,  to  an  adequate  quantity  of  air,  as  it  is  in  the  lamp,  the  re- 
sult would  be  the  same.  The  difficulty  of  effecting  a similar 
distribution  of  the  gas  in  the  furnace,  by  means  of  jets,  how- 
ever, seemed  insurmountable  : one  alternative  alone  remained, 
namely,  that,  since  the  gas  could  not  be  introduced  by  jets  into 
the  body  of  air,  the  air  might  he  introduced  by  jets  into  the  body  of  gas. 

This,  then,  is  the  means  which  I adopt,  and  by  which  I effect 
a complete  combustion  of  the  gases  in  the  furnace,  as  we  do  in 
the  lamp.  Professor  Brande  has  so  clearly  described  the  ope- 
ration of  the  jet  that  I avail  myself  of  his  remarks  in  elucidation 
of  the  result  produced  by  a jet  of  air  into  a body  of  gas,  and 
the  analogy  it  bears  to  that  of  a jet  of  gas  into  a body  of  air.* 

* Each  jet  of  air  which  you  admit  becomes,  as  it  were,  the  source  or 
centre  of  a separate  flame,  and  the  effect  is  exactly  that  of  so  many  jets  of  in- 
flammable or  coal-gas  ignited  in  the  air  ; only,  in  your  furnace,  you  invert 
this  ordinary  state  of  things,  and  use  a jet  of  air  thrown  into  an  atmosphere 
of  inflammable  gas,  thus  making  an  experiment  upon  a large  and  practical, 
which  I have  often  made  on  a small  and  theoretical,  scale,  in  illustration  of 
the  inaccuracy  of  the  common  terms  of  ‘ combustible’  and  * supporter  of  com- 
bustion’ as  ordinarily  applied. 

1 fill  a bladder  with  coal-gas,  and  attach  to  it  a jet,  by  which  I burn  a 
flame  of  that  gas  in  an  atmosphere  of,  or  a bell  glass  filled  with,  oxygen  j of 
course,  the  gas  bums  brilliantly,  and  we  call  the  gas  the  combustible,  and  the 
oxygen  the  supporter  of  combustion.  If  I now  invert  this  common  order  of 
things,  and  fill  the  bladder  with  oxygen  and  the  bell  glass  with  coal-gas,  I 
find,  that  the  jet  of  oxygen  may  be  inflamed  in  the  atmosphere  of  coal-gas 
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This  process  meets  the  entire  difficulties  of  the  case  as  to 
time,  current,  temperature,  and  quantity.  By  this  means  the 
process  of  diffusion  is  hastened  without  the  injurious  effect  of 
cooling : and  which  always  takes  place  when  the  air  is  intro- 
duced by  large  orifices. 

The  difference,  then,  between  the  application  of  air  by  means 
of  the  jetf  and  that  of  the  ordinary  action  of  the  atmosphere, 
consists  in  the  increased  surface  it  presents  for  mutual  contact  ‘ 
in  any  given  unit  of  time.  Let  Fig.  15  represent  the  section  of 
a candle  and  Fig.  16  that  of  a diffusion  jet.  In  the  former, 
the  gas  in  the  centre  meets  the  air  on  the  exterior.  In  the 
latter,  the  air  in  the  centre  issuing  into  the  atmosphere  of  gas, 
enlarges  its  own  area  for  contact  mechanically,  and  consequently, 
its  increased  measure  of  combustion. 

Fig.  15.  Fig.  16. 


with  exactly  the  same  general  phenomena  as  when  the  jet  of  coal-gas  is  in- 
flamed in  the  atmosphere  of  oxygen.  This  is  precisely  your  process.  You 
admit  a number  of  jets  of  air  into  a heated,  inflammable  atmosphere,  and  so 
attain  its  combustion  in  such  a way  as  to  produce  a great  increase  of  heat,  and, 
as  a necessary  consequence,  destroy  the  smoke.  You,  in  fact,  convert  what 
is  commonly  called  smoke  into  fuel,  at  the  time  when  and  place  where  this 
combustion  can  be  most  effectively  brought  about.” — Professor  Brande^s 
Letter  to  the  Author. 
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Thus  wc  see,  that  the  value  of  the  jet  arises  from  tlie  cireiim 
stanee  of  its  ereating,/or  itself^  a larger  fjurfaee  for  contact,  by 
which  a greater  number  of  elementary  atoms  of  the  combustible 
and  the  supporter^  gain  access  to  each  other  in  any  given  time. 

Turn  the  matter,  then,  as  we  may,  the  question  of  perfect 
or  imperfect  combustion,  as  far  as  human  means  are  to  be 
applied,  is  one  regarding  the  mV,  rather  than  the  combustible — 
the  mode  in  which  it  may  be  introduced,  rather  than  the 
quantities  supplied — the  contact  of  atoms  rather  than  of  masses. 

Before  concluding  this  notice  on  the  mode  of  effecting  the 
combustion  of  the  inflammable  gases,  it  will  be  right  to  say  a 
few  words  on  some  of  those  recommended  by  others ; namely, 
such  as  arc  founded  on  the  erroneous  idea,  which  appears  to 
have  laid  hold  of  the  minds  of  so  many  inventors  of  late  years, 
that  the  gases  are  consumable  by  being  brought  into  contact 
with  a body  of  ^‘glowing  incandescent  fueV^  This  will  be 
inquired  into  more  in  detail  when  we  come  to  examine  the 
various  plans  of  smoke-burning”  furnaces  and  boilers.  I am 
here  only  desirous  of  checking  that  misapplication  of  talent  and 
means  which  the  adoption  of  this  fundamental  chemical  error 
induces,  and  giving  them  a more  correct  and  useful  direction. 

This  erroneous  notion  of  the  supposed  combustion  of  the 
gases,  (or  smoke,)  by  bringing  them  into  contact  with  a mass  of 
“glowing  coals,”  appears  to  have  originated  with  Watt;  and, 
having  been  adopted  by  Tredgold  and  others,  has  since  passed 
into  a recognised  principle.  It  appears  strange,  that,  while  so 
many  have  taken  this  as  their  text,  or  adopted  it  as  their  start- 
ing-point, none  of  these  inventors  have  examined,  or  even 
doubted,  its  correctness.  Yet  any  chemical  work  of  authority 
would  have  informed  them  of  the  well-established  fact,  that 
decomposition,  not  combustion,  is  the  result  of  a high  tempera- 
ture applied  to  the  hydro-carbon  gases — that  no  possible  degree 
of  heat  can  consume  carbon — and  that  its  combustion  is  merely 
produced  by,  and  is,  in  fact,  its  union  with,  oxygen,  which 
latter,  however,  they  take  little  care  to  provide. 

It  is  the  palpable  oversight  of  this  distinction  that  has  led  to 
that  manifest  chemical  blunder, — the  supposing  that  the  coal- 
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gas  ill  a furnace  is  to  bo  htirned  by  the  act  of  bringing  it  into 
contact  with  bodies  at  a high  temperature ; or,  in  the  words  of 
the  patentees,  by  “ causing  it  to  pass  through^  over,  or  among  a 
body  of  hot,  glowing  coals.”  Indeed,  these  words  of  Watt, 

through,  over,  or  among,”  have  led  more  men  astray,  and 
have  occasioned  more  waste  of  money,  loss  of  time,  and  misappli- 
cation of  talent  than  almost  any  other  false  light  of  the  day. 

But,  I have  said,  this  erroneous  view  of  the  combustion  of 
the  gases  began  with  Watt.  His  patent  of  1785  fully  justifies 
this  assertion.*  In  his  specification,  after  reiterating  the 

injunction,  that  the  smoke  dr  flame  is  to  pass  over  or  through 
the  coked  or  charred  part  of  the  fuel,”  he  sums  up  in  these 
words : “ Lastly,  my  invention  consists  in  the  method  of 
consuming  the  smoke  and  increasmg  the  heat  hj  causing  the  smoke 
and  flame  of  fresh  fuel  to  pass  through  very  hot  funnels  or  pipes, 
or  among,  through,  or  near  fuel  which  is  intensely  hot,  and  ivhich 
has  ceased  to  smoke  and  then  follows  that  part  of  his  instruc- 
tions which  his  successors  have  so  strangely  neglected,  ‘^and  by 
mixing  it  with  fresh  air,  when  in  these  circumstances.” 

It  is  clear.  Watt  had  a right  conception  of  the  neeessity  for 
mixing  air  with  tlie  gas.  His  error  lay  in  the  extent  to 
which  he  considered  the  application  of  heat  essential  to  its 

* Watt’s  patent,  of  1785,  (see  Repertory  of  Arts,  vol.  iv.,  p.  226,)  consists 
“ in  causing  the  smoke  or  flame  of  the  fresh  fuel  to  pass,  together  with  a 
current  of  fresh  air,  through,  over,  or  among  fuel  which  has  ceased  to  smoke, 
or  which  is  converted  into  coke,  charcoal,  or  cinders,  and  which  is  intensely 
hot,  by  which  the  smoke  or  grosser  parts  of  the  flame,  by  coming  close  into 
contact  with,  or  by  being  brought  near  un<jo,  the  said  intensely  hot  fuel,  and 
by  being  mixed  with  the  current  of  fresh  or  unburnt  air,  are  consumed  or 
converted  into  heat,  or  into  pure  flame,  free  from  smoke.  I put  this  in  practice 
by  constructing  the  fire-place  in  such  a manner  that  the  flame  and  the  air 
which  animates  the  fire  must  pass  downwards,  or  laterally,  or  horizontally 
through  the  burning  fuel.  In  some  cases,  after  the  flame  has  passed  through 
the  burning  fuel,  I cause  it  to  pass  through  a very  hot  funnel,  flue,  or  oven 
before  it  comes  to  the  bottom  of  the  boiler,  by  which  means  the  smoke  is  still 
more  effectually  consumed.'”  Neglecting  the  sound,  and  adopting  the  un- 
sound, paid  of  Watt’s  specification,  several  patents  have,  of  late  years,  been 
taken  out  in  the  very  words  of  the  above.  In  one  of  these,  by  meaus  of 
double  furnaces,  one  above  the  other,  the  gas  generated  in  the  upper  one  is 
actually  forced  or  drawn  down  by  artificial  currents  tlirough  the  ignited  fuel 
in  the  lower  one. 
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combustion.  His  followers  and  commentators  have  neglected 
that  part  of  his  instructions  in  which  he  was  right — the  “ mix- 
ing with  fresh  air;”  and  have  fixed  their  minds  on  that  in 
which  he  was  wrong — the  bringing  the  gas  or  smoke  ‘Hhrmgh, 
over,  or  among  intensely  hot  fuel.”  So  much,  indeed,  was  Watt 
impressed  with  the  importance  of  intense  heat,  that  he  actually 
provides  both  for  the  fresh  air''^  and  the  gas  passing  through 
the  hot  fuel  on  the  bars ; overlooking  the  facts,  that,  in  that 
event,  the  air  would  no  longer  remain  pure ; and  that  no  heat 
to  which  he  could  introduce  the  air  or  smoke  could  equal  that 
created  in  the  furnace  by  the  very  act  of  union  between  the 
air  and  the  gas;  but  which  he  erroneously  imagines  can  be 
aided  by  the  heat  of  the  charred  part  of  the  fuel.” 

Thus,  we  see  the  very  words  of  Watt,  where  he  was  in 
error,  have  been  adopted  to  express  the  main,  and,  in  many 
instances,  the  only,  feature  of  these  smoke-burning  patents; 
while  the  judicious  part  of  his  instructions  has  been  unac- 
countably omitted. 

I need  only  say,  chemistry  has  since  taught,  that  the  whole 
process  is  injurious ; and  that,  if  the  introduction  of  the  air  be 
properly  managed,  the  necessary  heat  for  effecting  combustion 
will  never  be  wanting  in  the  furnace. 

The  mere  enunciation,  then,  of  a plan  for  ‘‘  consuming  smoke''’ 
is  prima  facie  evidence,  that  the  inventor  has  not  sufficiently 
considered  the  subject  in  its  chemical  relations.  Chemists  can 
understand  a plan  for  the  prevention  of  smoke,  but  as  to  its 
combustion,  it  is  so  unscientific,  not  to  say  impossible,  that  such 
phraseology  should  be  avoided.  The  popular  and  conventional 
phrase,  a furnace  burning  its  own  smoke,”  may  be  allowed 
as  conveying  an  intelligible  meaning;  but,  in  a scientific 
work,  or  from  one  professing  to  teach  those  who  cannot  dis- 
tinguish for  themselves,  and  who  may  thus  be  led  into  error,  it 
is  wholly  objectionable. 


SECOND  PAET. 


CHAPTER  I. 


OF  THE  PRINCIPLES  ON  WHICH  BOILERS  AND  THEIR 

FURNACES  HAVE  HITHERTO  BEEN  CONSTRUCTED. 

HavinGj  in  the  preceding  part  of  this  Treatise,  examined  the 
subject  in  reference  to  its  chemical  relations,  we  have  now,  in 
this  second  part,  to  consider  its  application  practically , in  the 
construction  of  steam-boilers  and  their  furnaces. 

It  will  not  be  disputed,  that  before  we  are  in  a position  to 
decide  on  the  necessary  proportions  of  any  vessel,  we  should 
first  understand  the  purposes  to  which  it  is  destined.  Hitherto, 
although  the  combustion  of  bituminous  coal  is  admitted  to  be 
of  the  most  complex  character,  nevertheless,  in  apportioning 
the  several  parts  of  furnaces  in  which  those  operations  are  to  be 
conducted,  the  slide-rule  has  too  often  been  allowed  to  supersede 
the  rule  of  chemical  equivalents. 

Until  the  appearance  of  the  first  part  of  this  Treatise,  in 
1841,  there  was  no  published  work  in  which  the  combustion  of 
coal,  on  the  scale  of  the  furnace,  was  treated  with  reference  to 
its  division  into  the  gaseous  and  solid  states,  and  the  requirements 
peculiar  to  each.  The  only  consideration  appeared  to  be,  the 
giving  the  coal  a free  supply  of  atmospheric  air."  Watt,  and 
others  since  his  time,  have  acknowledged  the  practical  difliculty 
of  so  introducing  the  air  as  to  effect  perfect  combustion ; still, 
no  consideration  has  been  given  to  the  necessity  of  providing 
separate  supplies  to  the  constituents  of  the  coal,  in  their  separate 
states.  In  laboratory  practice  (by  which  we  must  submit  to  be 
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instructed)  nothing  would  be  considered  more  anomalous,  or 
even  absurd,  than  dealing  with  any  bodies  in  nature  without 
giving  attention  to  the  nature  of  their  constituent  parts  respec- 
tively ; nevertheless,  we  have  patentees  atfecting  to  economise 
fuel,  and  produce  its  perfect  combustion,  yet  giving  their  atten- 
tion, exclusively,  to  the  several  parts  of  the  boiler  in  their  mere 
mechanical  proportions.  Mechanical  details,  however,  must  yield 
to  those  of  chemistry. 

While  the  enlightened  mind  of  Watt  was  directed  to  the 
employment  of  Steam  as  a mechanical  agent,  in  the  develop- 
ment of  power,  we  see  him  also  studying  the  phenomena  of 
nature  in  the  generation  and  application  of  heat,  concurrently 
with  those  mechanical  arrangements,  by  which  it  was  to  be 
made  practically  available.  Instead  of  limiting  his  views  to 
mere  proportions,  he  regarded  them  only  as  they  were — sub- 
servient to  scientific  considerations.  He  went  elaborately  into 
all  that  belonged  to  the  character  and  constituents  of  solid,  fluid, 
and  gaseous  matter,  as  far  as  the  very  limited  chemical  know- 
ledge of  the  time  admitted ; and  it  was  in  the  course  of  these 
scientific  researches  that  he  became  the  true  discoverer  of  the 
constituents  of  water.  He  examined  the  laws  which  governed 
its  temperature  and  volume  ; its  expansive  force  as  steam ; and 
the  measure  of  that  heat  which  was  again  to  be  surrendered 
under  the  process  of  condensation.  In  every  thing  we  find  his 
comprehensive  mind  keeping  scientific  inquiries,  and  mechanical 
appliances  in  view.  Here,  then,  we  have  a sound  and  practical 
course  suggested,  and  under  which  alone  we  may  hope  to  bring 
our  labours  to  a successful  issue. 

The  inquiry  before  us  cannot  be  confined  to  a mere  comparison 
of  the  several  descriptions  of  boilers,  mechanically  considered. 
The  merits  on  which,  respectively,  they  rest  their  claims,  must 
be  examined  with  reference  to  other  data,  viz.,  their  relation  to 
the  perfect  combustion  of  the  fuel  employed  — the  generating 
the  largest  measure  of  heat  — and  so  applying  it  as  to  produce 
the  largest  volume  of  steam.  Apart  from  these  considerations, 
indeed,  there  is  little  scope  for  inquiry.  All  boilers  have  their 
furnaces  and  grate-bars,  on  which  the  fuel  is  placed  ; their  flues, 
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or  tubes  through  which  the  flame  or  gaseous  products  have  to 
pass  ; and  the  chimney  by  which  those  products  are  to  be  carried 
away,  and  the  necessary  draught  obtained. 

Hitherto,  those  who  have  made  boiler-making  a separate 
branch  of  manufacture,  have  given  too  much  attention  to  mere 
relative  proportions.  One  class  place  reliance  on  enlarged  grate 
surface ; another,  on  large  absorbing  surfaces ; while  a third 
demand,  as  the  grand  panacea,  “ boiler  room  enoughP  without, 
however,  explaining  what  that  means.  Among  modern  treatises 
on  Boilers,  this  principle  of  room  enough,  seems  to  have  absorbed 
all  other  considerations,  and  the  requisites,  in  general  terms,  are 
thus  summed  up : 

1st.  Suflficient  amount  of  internal  heating  surface; 

2nd.  Sufficiently  roomy  furnace ; 

3rd.  Sufficient  air-space  between  the  bars ; 

4th.  Sufficient  area  in  the  tubes  or  flues ; and 

5 th.  Sufficiently  large  fire-bar  surface. 

In  simpler  terms,  these  amount  to  the  truism — give  sufficient 
size  to  all  the  parts,  and  thus  avoid  being  deficient  in  any. 

So  gravely  is  this  question  of  relative  proportions  insisted  on, 
that  we  find  many  treatises  on  the  use  of  Coal,  and  the  construc- 
tion of  Boilers,  laying  down  rules  with  mathematical  precision, 
giving  precise  formula3  for  their  calculations ; and  even  affecting 
to  determine  the  working  power  of  a steam-engine,  by  a mere 
reference  to  the  size  of  the  fire-grate,  and  the  internal  areas 
and  surfaces  of  the  boiler.  Yet,  during  this  apparent  search 
after  certainty,  omitting  all  inquiry  respecting  the  processes  or 
operations  to  be  carried  on  within  them. 

Among  those  in  which  the  subject  has  been  treated  in  the 
most  detailed  manner,  it  wiU  be  sufficient  to  refer  to  the  work 
of  Dr.  Lardner,  whose  illustrations,  as  a popular  writer,  have 
peculiar  merit ; and  whose  statements  may  be  considered  as  a 
summary  of  the  practice  which  generally  prevails.  In  his  work 
on  The  Steam-Engine,”  while  commenting  on  “ the  want  of 
general  principles  f ho  falls,  unconsciously,  into  neglect  of  the 
very  principles  on  which  alone  the  inquiry  should  bo  based. 
Calling  them  principles,  he  lays  down  a series  of  rules,  or  data^ 
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which  refer,  exclusively,  to  mechanical  i^ro'jporiions ; but  which 
furnish  no  guide  to  the  involved  operations  to  be  effected  by 
their  means.  Plis  rules  for  the  construction  of  Boilers  are  thus 
dogmatically  laid  down. 

For  every  cubic  foot  of  water  to  be  evaj^oratcd  per  Aozw,  allow — 
one  square-foot  of  grate-bar ; one  square-yard  of  heating  sur- 
face; ten  cubic  feet  of  water- space;  five  square-feet  of  water- 
surface  ; ten  cubic  feet  of  steam-space. 

Here  we  have  all  the  proportions  laid  down  and  squared, 
according  to  rule,  as  if  it  were  the  orders  of  architecture,  or  the 
proportions  of  a building  that  were  under  consideration,  rather 
than  of  vessels,  in  which  complicated  chemical  processes  were 
to  be  conducted.  These  rules,  however,  will  not  teach  us  how 
best  to  effect  the  combustion  of  any  given  weight  of  fuel,  or 
increase  the  generation,  transmission,  or  absorption,  of  any  given 
« quantity  of  heat.  We  have  here  laid  down,  secundum  artem,  a 
scale  of  internal  proportions,  but  no  clue  to  that  of  the  heat 
generative  effect  of  a square-foot  of  grate-bar,  or  the  heat 
transmitting  power  of  a square-yard  on  internal  surface. 

It  may,  indeed,  be  asked,  what  relation  a square-foot  of  grate- 
bar  can  have  to  a cubic-foot  of  water ; or  to  any  given  weight 
of  fuel  ? We  know  that  under  different  circumstances,  treble, 
or  quadruple  the  amount  of  these  proportions  may  be  bene- 
ficially, or  injuriously,  found  in  practice  ; and  that  even  double 
the  weight  of  fuel  may  be  more  advantageously  consumed,  on  a 
given  area  of  grate-bars,  in  one  class  of  boilers  than  could  be 
effected  in  another. 

In  truth,  the  weight  of  fuel  to  be  consumed  has  no  legitimate 
relation  to  the  space  on  which  it  may  be  laid,  and  depends  on 
other  considerations,  viz.,  on  the  quantity  of  air  passing  through 
it,  the  time  employed,  and  the  weight  of  oxygen  taken  up  by 
the  several  constituents  of  the  fuel  respectively. 

Again,  it  may  be  asked,  what  relation  a square-yard  of  heat- 
ing surface  has  to  the  transmission  of  any  given  quantity  of 
heat,  or  the  generation  of  any  given  quantity  of  steam  ? 

It  is  strange  that  so  astute  an  observer  (for  Dr.  Lardncr  does 
not  affect  to  be  an  authority),  should  have  omitted  all  reference 
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to  those  processes  and  tests,  by  which  alone  a correct  estimate 
could  be  made  of  the  elFective  value,  chemically  or  commercially, 
of  any  one  of  the  proportions  he  has  given  ; or  the  relation 
they  bear  to  the  functions  of  the  furnaces  or  flues  of  a boiler. 
He  has  given  no  clue  to  the  temperature  produced  in  any  part ; 
yet  temperature  is  the  very  element  and  measure  of  efiiciency. 
His  calculations,  in  fact,  have  no  value  except  in  the  assumed, 
but  utterly  erroneous  data,  that  each  square-foot  of  bar-surface 
was  equivalent  to  the  perfect  combustion  of  a given  weight  of 
fuel,  and  the  generation  of  a given  quantity  of  heat  in  a given 
time ; and  that  every  square-yard  of  internal  surface  must, 
necessarily,  be  brought  into  action,  and  received  as  equivalent 
to  the  transmission  of  a given  quantity  of  heat.  He  has  also 
omitted  reference  to  the  influence  which  internal  areas  have  on 
the  circulation  of  the  water,  and  the  relative  volumes  of  air  to 
be  supplied,  or  of  gas  generated,  consumed,  or  wasted.  Now 
the  magnitudes  and  quantities  which  here  really  require  to  be 
calculated  are  chemical^  not  mathematical.  They  are  not  those  of 
flue-surfaces,  or  grate-bars,  but  of  the  bodies  to  be  introduced 
to  them,  the  quantities  in  which  they  respectively  combine,  and 
the  heat  evolved,  applied,  or  lost.  If  these  quantities  can  be 
expressed  in  the  terms  of  an  equation,  let  it  be  given.  Let  the 
attempt  be  made.  It  cannot  fail  of  being  useful,  at  least  in  one 
respect.  It  will  enable  the  boiler-maker  to  appreciate  the 
small  degree  of  confidence  to  which  these  theories  are  entitled. 

In  a modern  treatise  on  the  construction  and  proportions  of 
steam-boilers,  we  find  the  slide-rule  endowed  with  extraordinary 
properties.  In  illustration  of  the  utter  inapplicability  of  such 
a mode  of  proceeding,  let  us  but  imagine  Professors  Brande  or 
Faraday  desirous  of  producing,  on  a large  scale,  carbonic  acid 
and  water.  What  would  be  their  reply,  if  advised,  that  a 
practical  boiler-maker  was  the  person  best  qualified  to  instruct 
them  as  to  the  relative  areas  and  proportions  of  the  vessels  to 
be  employed,  and  that  the  slide-rule  would  save  them  much 
trouble,  inasmuch  as  it  would  supply  the  true  principle  which 
should  govern  those  proportions  ? Yet  these  processes  are 
identically  those  which  are  carried  on  by  the  combustion  of 
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coal  in  our  furnaces.  When,  therefore,  we  sec  the  attention  of 
the  practical  boiler-maker  thus  directed  to  more  mechanical 
data,  can  we  be  surprised  that  the  ohemistry  of  combustion  has 
been  virtually  ignored,  and  made  to  give  way  to  calculations 
drawn  from  the  slidG-rule*  as  here  exemplified. 

Setting  aside  these  puerilities,  the  inquiry  must  be  directed 
not  to  the  several  parts  of  a Boiler,  but  to  the  purposes  and 
functions  for  whioh  eaoh  part  is  to  be  constructed.  Investigations 
conducted  in  this  spirit,  and  with  the  aid  which  the  eye,  the 
pyrometer^  and  the  thermometer  supply,  would  soon  indicate,  not 
only  what  should  be  done,  but  what  should  be  avoided ; and 
shew  that  what  was  well  adapted  to  one  class  of  boilers  or 
furnaees,  or  one  deseription  of  fuel,  might  ehemically,  prac- 
tically, and  economically,  be  the  reverse  as  regarded  other 
classes. 

* “ Let  s = the  effective  heating  surface  in  square  yards. 

V =:  the  area  of  the  fire  grate  in  square  feet, 
p = the  horse  power  of  the  boiler. 

“■  Then,  using  the  inverted  slide-rule^  or  common  rule  vMh  the  slide  reversed, 
it  must  he  set  as  follows : — 

A I Horse  Power  = p ] Fire  grate  in  sq.  feet  = F 
o I Horse  Power  = p [ Heating  surface  in  square  yards  — s 

“ Suppose,  for  example,  that  we  have  16  square  yards  of  effective  heating 
surface  in  a boiler,  with  a fire-grate  of  25  square  feet,  and  we  wish  to  know 
the  most  suitable  rate  to  work  the  boiler  at.  Then  place  s = IG  on  o,  against 
F = 25  on  A,  and  looking  to  the  left  hand,  the  first  two  divisions  of  the  same 
value  that  coincide  with  each  other  (which  ai‘e  those  of  20)  represent  the 
horse  power,  as  in  the  example  below. 

A I p = 20  I F = 25  sq.  feet, 
o I P — 20  I s = 16  sq.  yards. 

“ Again,  suppose  that  a boiler  is  intended  to  di-ive  a 30-horse  engine,  but  it 
has  only  25  square  yards  of  surface,  and  the  area  of  the  fire-grate  is  requu-cd. 
Then  place  30  = the  horse  power  on  o,  against  the  same  number  on  a,  and 
looking  to  the  right  hand,  you  will  find,  against  25  yards  of  surface  on  c,  the 
answer  to  be  nearly  36  square  feet  upon  a for  the  area  of  the  fire-grate ; and 
in  like  manner  against  any  number  expressing  the  square  yai-ds  of  effective 
heating  surface  on  o,  you  will  find  the  number  of  square  feet  of  fire-grate  most 
suitable  for  the  given  power  upon  a.  In  short,  the  inverted  line  c represents 
a table  of  30-horse  boilers  with  various  quantities  of  surface,  and  the  line  a 
represents  a table  of  areas  of  fire-grates  corresponding  to  those  surfaces. 

A [ 30  I Fire-grates  31  34  36  39 

□ 1 30  I Surfaces  29  26^  25  23.” 


CHAPTER  II. 


OF  THE  FURNACE,  AND  THE  RELATION  WHICH  ITS 

SEVERAL  PARTS  BEAR  TO  THE  OPERATIONS  CAR- 
RIED ON  WITHIN  IT. 

In  considering  the  furnace  and  its  appendages,  it  will  be 
necessary  to  distinguish  the  functions  of  each  part  separately, 
to  avoid  attaching  duties,  or  attributing  failure,  to  any  one  of 
them,  for  which  another  should  be  accountable. 

In  the  combustion  of  bituminous  coal  we  have  seen  there  are 
two  distinct  bodies  to  be  dealt  with,  the  one  a solid,  the  other  a 
gaseous  body, — these  necessarily  requiring  distinct  processes. 

On  a charge  of  coal  being  thrown  into  a furnace,  the  heat  by 
which  the  distillatory,  or  gas-generating  process  is  effected,  is 
derived  from  the  remaining  'portion  of  the  previous  charge,  then  in 
an  incandescent  state  on  the  bars.  This  process  corresponds 
with  what  takes  place  in  the  gas  works,  where  the  coal  inside 
the  retorts  is  acted  on  by  the  incandescent  fuel  outside  of  them. 
This  demand  for  heat  in  the  furnace  is,  however,  confined  to 
the  commencement  of  the  operation  with  each  charge.  The 
heat  required  for  continued  gasif action  is,  or  ought  to  be,  ob- 
tained chiefly  from  the  flame  itself;  as  in  the  case  of  a candle, 
where  the  gasifaction  of  the  tallow  in  the  wick  is  derived  from 
the  heat  of  its  own  flame.  This  operation  shews  the  importance 
of  sustaining  a sufficient  body  of  incandescent  fuel  on  the  bars; 
and  in  particular,  when  a fresh  charge  is  about  to  be  thrown  in. 
Allowing  the  fire  to  run  too  low,  before  a fresh  charge,  must 
be  attended  with  the  same  injurious  effects  as  allowing  the 
heat  which  surrounds  the  retorts  to  fall  below  what  would  be 
required  for  the  continuous  and  uninterrupted  generation  of 
gas  after  they  are  recliarged ; — namely,  loss  of  time  and  duty; 
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the  object  being,  in  botli  cases,  to  obtain  tlie  greatest  quantity 
of  gas  from  a given  weight  of  coal,  in  a given  time. 

With  reference  to  the  proportions  of  the  several  parts  of  a 
furnace,  we  have  two  points  requiring  attention;  first,  the 
superficial  area  of  the  grate,  for  the  retaining  the  solid  fuel  or  coke ; 
and,  second,  the  sectional  area  of  the  chamber  above  the  fuel,  for 
receiving  the  gaseous  portion  of  the  coal. 

As  to  the  area  of  the  grate-bars,  seeing  that  it  is  a solid  body, 
that  is  to  be  laid  on  them,  requiring  no  more  space  than  it  ac- 
tually covers  at  a given  depth,  it  is  alone  important  that  it  be 
not  too  large.  On  the  other  hand,  as  to  the  area  of  the  chamber 
above  the  coal,  seeing  that  it  is  to  be  occupied  by  a gaseous 
body,  requiring  room  for  its  rapidly  enlarging  volume,  it  is  im- 
portant that  it  be  not  too  small.  With  reference  to  the  areas  of 
the  other  parts  of  the  boiler,  it  is  manifestly  impossible,  a priori, 
or  with  any  pretensions  to  correctness,  to  lay  down  specific 
rules,  since  the  weight  of  fuel  that  may  be  placed,  or  consumed, 
on  any  square  foot  of  such  surface,  must  depend  on  numerous 
other  contingencies.  Indeed,  to  lay  down  any  inflexible  rule  of 
proportions  would  be  as^  inappropriate  as  to  impose  on  the  che- 
mist certain  mathematical  formulee  for  the  shapes  or  capacities 
of  the  vessels  employed  in  the  laboratory.  So  soon  as  all  that 
belongs  to  the  introduction  of  air  to  the  two  distinct  bodies  to  be 
consumed,  (the  gas  and  the  coke,)  shall  have  become  system- 
atized in  practice,  the  supposed  diflficulties  in  the  apportioning 
of  sizes  and  areas  will  vanish,  and  the  effecting  perfect  combus- 
tion in  furnace,  will  become  as  much  a matter  of  course,  as 
it  now  is  in  our  gas  burners.  So  long,  however,  as  beginning 
at  the  wrong  end  of  the  question,  we  attempt  determining  the 
proportions  of  the  several  parts  of  the  vessels  to  be  employed, 
before  we  have  considered  what  is  to  be  done  within  them,  we  must 
continue  in  our  present  state  of  uncertainty. 

As  to  the  best  proportion  for  the  grate,  this  will  be  the 
easiest  of  adjustment,  as  a little  observation  will  soon  enable 
the  engineer  to  determine  the  extent  to  which  he  may  increase, 
or  diminish,  the  length  of  the  furnace.  In  this  respect  the  great 
desideratum  consists  in  confining  that  length  within  such  limits 
that  it  shall,  at  oil  times,  be  well  and  uniformly  covered.  This  is 
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the  absolute  condition,  and  sine  qua  non  of  economy  and  efficiency ; 
yet  it  is  the  very  condition  which,  in  practice,  is  the  most  neg- 
lected. Indeed,  the  failure  and  uncertainty  which  has  attended 
many  anxiously  conducted  experiments  has  most  frequently 
arisen  from  the  neglect  of  this  one  condition. 

If  the  grate-bars  be  not  equally  and  well  covered,  the  air 
will  enter  in  irregular  and  rapid  streams  or  masses,  through  the 
uncovered  parts,  and  at  the  very  time  when  it  should  be  there 
most  restricted.  Such  a state  of  things  at  once  bids  defiance 
to  all  regulation  or  control.  Noiv,  on  the  control  of  the  supply 
of  air  depends  all  that  human  shill  can  do  in  effecting  perfect  com- 
bustion and  economy  ; and  until  the  supply  of  fuel  and  the  quan- 
tity on  the  bars  be  regulated,  it  will  be  impossible  to  control 
the  admission  of  the  air.* 

On  this  head,  it  is  of  every-day  occurrence  that  complaints 
are  made  of  the  introduction  of  the  air  being  attended  with 
decreased  evaporation,  or  increased  consumption  of  fuel.  The 
complainants,  however,  should  understand  that  they  are  them- 
selves the  direct  cause  of  these  effects,  and  by  mere  inattention 
to  the  state  of  the  furnaces.  They  overlook  the  fact,  that  while 
they  are  complaining  of  the  effects  produced  by  the  introduction 
of  certain  limited  quantities  of  air  in  the  right  place,  they  allow 
their  firemen  to  leave  much  of  the  furnace  grate  uncovered ; 
thus  affording  the  shortest  and  hottest  possible  route  for  the 
introduction,  perhaps,  of  double  the  volume  that  could  possibly 
be  required.  So,  if  an  engineer  undertake  to  irrigate  a piece 
of  land,  and  after  having  given  much  consideration  to  his  levels, 
and  the  area  of  his  sluices,  he  finds  that  the  owner  had  allowed 
his  labourers  to  introduce  such  an  excess  of  water  in  some  other 
quarter  as  to  mar  the  whole  process,  with  what  justice  would 
he  complain  that  harm,  instead  of  good,  had  been  effected  ? 

Of  the  great  waste  of  heat  and  the  consequent  reduction  of 
temperature  in  the  flues,  arising  from  the  single  circumstance  of 
allowing  the  incandescent  fuel,  towards  the  end  of  the  charge, 

* This  necessarily  suggests  the  importance  of  feeding  the  furnace  by 
mechanical  means.  Here,  then,  is  a legitimate  direction  for  the  ingenuity  of 
patentees.  The  principles  on  which  a mechanical  feeder  should  be  based  will 
be  hereafter  considered. 
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to  run  too  low,  or  be  irregularly  distributed,  tlie  experiment  of 
Mr.  Houldsworth,  as  shewn  in  the  annexed  diagram  (page  49,) 
is  highly  instructive,  and  merits  tlie  most  attentive  considera- 
tion. This  experiment  was  made  expressly  for  the  British 
Association  assembled  at  Manchester,  in  1842. 

By  this  diagram  it  will  be  seen,  that  on  a charge  of  3 cwt.  of 
coal  being  thrown  on  the  furnace,  the  temperature  in  the  flue 
(as  indicated  by  the  pyrometer)  rose,  in  25  minutes,  from  750° 
to  1220°,  when  it  began  to  fall,  and  descended  to  1040°,  the 
fuel  not  having,  been  disturbed  during  75  minutes.  At  this  stage, 
however,  a remarkable  change  took  place.  Perceiving  the  tem- 
perature in  the  flue  to  have  become  so  low,  Mr.  Houldsworth 
had  the  fuel  levelled^'^  that  is,  had  it  more  equally  distributed, 
and  the  vacant  spaces  covered.  The  effect  was  (as  shewn  in 
the  diagram)  the  sudden  rise  in  the  temperature  from  1040°  to 
1150°,  at  which  it  continued  during  10  minutes,  when  it 
gradually  fell  to  850°. 

The  upper  line  of  the  diagram  represents  range  of  temperature, 
air  being  admitted,  on  Mr.  Williams’  plan,  behind  the  bridge. 

The  lower  line  of  the  same  represents  range  of  temperature, 
air  being  included,  common  plan. 

Two  important  questions  are  here  raised,  viz. — why  did  the 
temperature  in  the  flue  fall,  after  25  minutes,  from  1220°  to 
1040*?  and  why  did  it  suddenly  rise  to  1150°? — nothing  ivhatev&i' 
having  been  done,  ivith  the  exception  of  this  one  movement — the  having 
the  fuel  levelled.’’’’  This  movement,  however,  is  the  key  to  the 
whole, — an  increase  of  temperature  of  no  less  than  110°  being 
thus  obtained  in  the  short  space  of  2^  minutes, — not  by  any 
addition  of  fuel,  or  mere  rapid  combustion,  but  merely  as 
the  result  of  having  ‘‘  the  fuel  levelled.’’’*  The  cause  of  these 
remarkable  alterations  of  temperature  then  were,  first,  the 
admission  of  an  excess  of  air  in  irregidar  and  uncontrolled  quantities 
through  the  uncovered  portion  of  the  bars  ; — and  second,  the  mere 
check  put  to  that  evil,  by  their  being  more  equally  covered 
with  the  fuel.* 

* As  the  use  of  the  pyrometer  is  of  the  highest  importance,  not  merely  for 
experimental  purposes  but  for  all  boilers,  and  for  general  use,  whenever  it 
can  be  introduced,  the  simple  but  vahinble  instrument  which  is  used  by  Mr. 


Fig.  17.]  Scale  of  Temperature  In  the  Flues 

in  Degrees  of  Falirenheit. 
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Air  admitted : 

State  of  the 
Flues. 


f Clear  flame,  | 
1 14  feet  long,  j 


Ditto,  15  ft.  long. 


Ditto,  16  feet. 


Ditto,  15  feet. 


Ditto,  14  feet. 


Ditto,  13  feet. 


Ditto,  13  feet. 


Ditto,  15  feet. 


(Purple  flame, 
from  carbonic 
oxide. 
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It  is  here  to  be  observed  that  when  a charge  is  nearly 
exhausted,  or  begins  to  hum  in  holes,  the  evil  increases  itself  by 
the  accelerated  rapidity  with  which  the  air  enlarges  the  orifices 

Houldsworth,  and  by  which  he  obtained  the  above  results,  is  here  given  from 
an  interesting  paper  on  “The  Consumption  of  Fuel  and  the  Prevention  of 
Smoke,”  read  before  the  British  Association  by  William  Fairburn  Esa  C E 

F.R.S.  ■ ■’ 

“ For  these  experiments  we  are  indebted  to  Mr.  Henry  Houldsworth,  of 
Manchester ; and,  having  been  present  at  several  of  the  experiments,  I can 
vouch  for  the  accuracy  with  which  thej'^  were  conducted,  and  for  the  very 
satisfactory  and  important  results  deduced  therefrom. 

“ In  giving  an  account  of  Mr.  Houldsworth’s  experiments,  it  will  be  neces- 
sary to  describe  the  instrument  by  which  they  were  made,  and  also  to  shew  the 
methods  adopted  for  indicating  the  temperature,  and  the  changes  which  take 
place  in  the  surrounding  flues. 

“ The  apparatus  consists  of  a simple  pyrometer,  with  a small  bar  of  copper 
or  iron  (a  in  the  following  sketch)  fixed  at  the  extreme  end  of  the  boiler,  and 
projecting  through  the  brick-work  in  fi-ont,  where  it  is  jointed  to  the  arm  of 
an  index  lever  b,  to  which  it  gives  motion  when  it  expands  or  contracts  by 
the  heat  of  the  flue. 


Pyrometer. 
Fig.  18. 


The  instrument  being  thus  prepared,  and  the  bar  supported  by  iron  pegs 
driven  into  the  side  walls  of  the  flue,  the  lever  (which  is  kept  tight  upon  the 
bar  at  the  point  e by  means  of  a small  weight  over  the  pulley  at  d)  is  attached, 
and  motion  ensues.  The  long  arm  of  the  lever  at  d gives  motion  to  the 
sliding  rod  and  pencil  f,  and  by  thus  pressing  on  the  periphery  of  a slowly 
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it  has  thus  made  for  its  own  admission,  causing  a still  more 
rapid  combustion  of  the  fuel  around  the  uncovered  parts,  and 
at  the  very  time  when  these  orifices  should  have  been  closed. 

revolving  cylinder,  a line  is  inscribed  corresponding  with  the  measurements  of 
the  long  arm  of  the  lever,  and  indicating  the  variable  degrees  of  temperature 
by  the  expansion  and  contraction  of  the  bar.  Upon  the  cylinder  is  fixed  a 
sheet  of  paper,  on  which  a daily  record  of  the  temperature  becomes  inscribed 
and  on  which  are  exhibited  the  change  as  well  as  the  intensity  of  heat  in  the 
flues  at  every  moment  of  time.  In  using  this  instrument  it  has  been  usual  to 
fix  it  at  the  medium  temperature  of  1000°,  which,  it  will  be  observed,  is  an 
assumed  degree  of  the  intensity  of  heat,  but  a sufficiently  near  approximation 
to  the  actual  temperature  for  the  purpose  of  ascertaining  the  variations  which 
take  place  in  all  the  different  stages  of  combustion  consequent  upon  the  acts  of 
charging,  stirring,  and  raking  the  fires’’ 

Mr.  Fairburn  then  gives  two  interesting  diagrams  exemplifying  the  result 
of  experiments  made  by  the  aid  of  the  pyrometer,  and  continues — 

“ On  a careful  examination  of  the  diagrams,  it  will  be  found  that  the  first 
was  traced  without  any  admixture  of  air,  except  that  taken  through  the  grate- 
bars  ; the  other  w'as  inscribed  with  an  opening  for  the  admission  of  air  through 
a diffusing  plate  behind  tlie  bridge,  as  recommended  by  Mr.  C.  W.  Williams. 
The  latter.  No.  II.,  presents  very  different  figures : the  maximum  and  mini- 
mum points  of  temperature  being  much  wider  apart  in  the  one  than  the  other, 
as  also  the  fluctuations  which  indicate  a much  higher  temperature,  reaching 
as  high  as  1400°,  and  seldom  descending  lower  than  1000°,  giving  the  mean 
of  1160°. 

“ Now,  on  comparing  No.  II.  with  No.  I.,  where  no  air  is  admitted,  it  will 
be  found  that  the  whole  of  the  tracings  exhibit  a descending  temperature, 
seldom  rising  above  1100°  and  often  descending  below  900°,  the  mean  of 
which  is  975°.  This  depression  indicates  a defective  state  in  the  process,  and 
although  a greater  quantity  of  coal  was  consumed,  (2000  lbs.  in  396  minutes 
in  the  No.  II.  experiment,  and  1840  lbs.  in  406  minutes  in  No.  I.,)  yet  the 
disparity  is  too  great  when  the  difference  of  temperature  and  loss  of  heat  are 
taken  into  consideration..  As  a further  proof  of  the  imperfections  of  No.  I. 
diagram,  it  is  only  necessary  to  compare  the  quantities  of  water  evaporated  in 
each  in  order  to  ascertain  the  difference,  where  in  No.  I.  experiment  6.05  lbs. 
of  water  are  evaporated  to  the  pound  of  coal,  and  in  No.  II.  one-half  more, 
or  7.7  lbs.  is  the  result. 

“ Mr.  Houldsworth  estimates  the  advantages  gained  by  the  admission  of 
air  (when  properly  regulated)  at  35  per  cent.,  and  when  passed  through  a 
fixed  aperture  of  43  square  inches,  at  34  per  cent.  This  is  a near  approxima- 
tion to  the  mean  of  five  experiments,  which,  according  to  the  preceding  table, 
gives  33i  per  cent.,  which  probably  approaches  as  near  the  maximum  as  can 
be  expected  under  all  the  changes  and  vicissitudes  which  take  place  in  general 
practice.” 

Here  are  practical  results  from  unexceptionable  quarters,  and  although 
they  have  been  so  many  years  before  the  public,  nevertheless,  smoke  burning 
observations  and  hot  air  fallacies  continue  to  be  listened  to,  and  dearly 
paid  for. 
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Had  it  been  possible,  In  Mr.  Ploulds worth’s  experiment,  to 
have  preserved  the  fuel  continuously,  and  uniformly  spread^ 
throughout  the  charge  of  100  minutes,  the  diagram  would  have 
indicated  a more  uniform  line  of  temperature,  as  marked  hy  the 
dotted  line,  and,  consequently,  have  produced  a higher  average 
range  of  heat  in  the  flue. 

M.  Peclet,*  in  his  elaborate  work  appears  to  have  given  much 
attention  to  the  necessity  of  having  the  fuel  on  the  bars  at  all 
times,  in  the  most  uniform  state,  and  thus  avoiding  any  irregu- 
lar or  excessive  local  admission  of  air. 

With  reference  to  the  rate  of  combustion,  and  the  weight  of 
fuel  to  be  laid  on  each  square  foot  of  bar-surface,  this  continues 
to  be  a debated  point.  Mr.  Craddock,  in  a late  publication  ( On 
the  Chemistry  of  the  Steam  Engine,  practically  considered,^  ob- 
serves : — There  would  be  no  great  dltference  in  the  steam- 
generating efficiency  of  a large  grate-surface  and  a slow 
draught,  or  a small  grate-surface  and  a very  quick  draught ; 
as  in  our  present  locomotives.” 

No  correct  inference,  however,  can  be  drawn  from  this  state- 
ment, as  he  has  omitted  to  explain  what  is  meant  by  the  term 
efficiency.''^  Whether  it  has  reference  to  the  fuel  employed, 
or  the  time  employed : — to  the  loeight  of  water  evaporated  by  a 
given  weight  of  fuel,  or  the  time  occupied  in  producing  that  ef- 
fect. Slow  combustion  will  be  most  economical  as  regards  the 
fuel  employed,  as  in  the  Cornish  boilers ; while  quick  combustion 

* “ To  produce  a good  and  useful  effect,  furnaces  should,  at  all  times,  burn 
the  same  quantity  of  fuel,  since  the  variations  in  the  consumption,  caused  by 
the  use  of  dampers,  which  cannot  be  made  to  follow  the  variations  m the 
thickness  of  the  bed  of  fuel,  always  cause  the  passage  of  a large  volume  of 
air  that  would  be  unnecessary  for  combustion.” 

Again  he  observes, — “ I am  convinced,  that  in  a great  number  of  steam- 
boilers,  more  than  a third  of  the  heat  is  lost,  principally  by  the  introduction 
of  too  great  an  excess  of  air.  It  is  evident,  that  to  this  circumstance  may  be 
attributed  the  singular  fact  observed  by  many  Engineers, — that  in  certain 
descnptions  of  boilers,  the  effect  produced  by  the  surfaces  which  are  heated 
by  contact  with  the  burnt  air,  (as  in  the  tubes)  is  but  one-third  part  of  that 
produced  by  those  surfaces  which  are  heated  by  radiation,  as  in  the  fire-box 
or  furnace.” — TraiU  de  la  Chaleur,  consider^e  dans  ses  Applications,  par 
E.  Peclet,  Inspecteur  General  de  VUniversite,  appliqube  aux  Arts  d 
I’Ecole  Centrale,  ^c.,  Paris. 
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will  be  most  so  as  regards  the  time  employed,  as  in  the  loco- 
motive and  marine  boiler.  As  the  weight  of  the  water  evaporated 
is  in  the  one  case  over-rated,  so  the  time  employed  is  under-rated 
in  the  other.  The  mean  between  the  two  false  estimates  will 
then  be  the  true  exponent  of  the  relative  commercial  value 
of  the  two  operations. 

The  view  of  the  subject,  as  stated  by  Mr.  Craddock,  is  cer- 
tainly not  supported  in  practice.  By  spreading  fuel  over  “ a 
very  large  surface,”  the  facilities  are  increased  for  the  admission 
of  a local  and  wasteful  excess  of  air  in  numerous  small,  but  ag- 
gregately large,  quantities,  the  injurious  effect  of  which  in 
the  flues  cannot  be  too  strongly  enforced,  as  was  so  clearly  de- 
monstrated in  the  pyrometer  experiment  of  Mr.  Houldsworth. 

It  is  true,  by  these  mechanical  contrivances,  by  which  the 
fuel  is  thinly  and  continuously  spread  over  a large  surface, 
there  would  be  less  tendency  to  the  formation  of  dense  smoke, 
because  the  quantity  of  air  introduced  over  that  extended  sur- 
face, being  so  much  greater  than  is  chemically  required,  the 
volume  of  flame  is  considerably  reduced,  and,  consequently,  the 
volume  of  smoke.*  We  must  not,  however,  deceive  ourselves 
in  this  matter.  The  avoidance  of  dense  smoke  by  these  means 
must  be  attended  with  the  production  of  less  available  flame 
and  heat,  relatively  with  the  area  on  which  the  fuel  is  spread, 
from  the  extended  and  attenuated  temperature  in  the  furnace 
chamber.  [The  relative  merits  of  these  mechanical  contri- 
vances will  be  examined  in  their  proper  place.] 

Many  trustworthy  manufacturer^,  having  tried  the  system 
of  revolving  grates,  moving  bars,  and  self-acting  feeders,  and 
having  found  them  unaccompanied  with  the  nuisance  of  smoke, 
are  hence  led  to  infer  that  they  have  produced  perfect  com- 

* A familiar  illustration  of  this  may  be  seen  in  the  flame  of  a candle.  If 
we  walk  gently,  carrying  a candle,  the  current  of  air  induced  by  our  motion 
cools  the  flame.  The  upper  part  then  becomes  red,  and  is  converted  into  a 
stream  of  smoke.  If,  however,  we  walk  briskly  along,  that  elongated  lurid 
flame  becomes  suddenly  short,  clear,  and  without  smoke.  This  change  arises 
from  the  great  access  of  air  to  which  the  flame  was  then  exposed.  This  is 
precisely  the  effect  produced  by  introducing  an  excess  of  air  through  an  ex- 
tended, but  thin,  body  of  fuel  on  the  bars. 
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biistion  of  the  fuel,  and  economy  in  its  application.  This  error 
will  be  commented  on  in  the  succeeding  chapters.  Without 
derogating  from  the  merit  due  to  such  inventions,  mechani- 
cally and  practically  considered,  it  will,  however,  be  found  that 
these,  and  such  appliances,  are  but  expedients  for  avoiding  the 
consequences  of  the  first  error,  namely,  the  neglect  of  supplying  the 
gaseous  products  of  the  coal  with  its  proper  quantity  of  air  in  the  right 
way.  In  a word,  having  first  made  a serious  blunder,  we  endeavour 
to  escape  its  consequences  by  ingenious  and  even  costly  contri- 
vances, and  actually  bestow  on  them  the  merit  of  having  rightly 
worked  out  the  ends  and  processes  of  nature.  Yet,  with  equal 
truth  might  we  designate  the  nostrums  of  quacks  as  the  true 
means  of  securing  a healthy  state  of  body,  while  they  were  but 
so  many  palliatives  of  the  effect  of  previous  or  habitual  errors. 

Having  spoken  of  the  grate-har  surface^  and  what  is  placed  on 
it,  we  have  next  to  consider  the  chamber  part  of  the  furnace, 
and  what  is  formed  therein.  In  marine  and  cylindrical  land 
boilers,  this  chamber  is  invariably  made  too  shallow  and  too 
restricted. 

The  proportions  allowed  are  indeed  so  limited  as  to  give  it 
rather  the  character  of  a large  tube,  whose  only  function  should 
be,  the  allowing  the  combustible  gases  to  pass  through  It,  rather 
than  that  of  a cham\er,  in  which  a series  of  consecutive  chemical 
processes  were  to  be  conducted.  Such  furnaces,  by  their  dimi- 
nished areas,  have  also  this  injurious  tendency, — that  they 
increase  the  already  too  great  rapidity  of  the  current  through 
them.  The  defect  of  insufificient  capacity  in  the  chamber  of  the 
furnace,  above  the  fuel,  will  be  best  appreciated  when  we  con- 
sider that  in  it  the  gases  are  generated, — their  constituents 
separated, — each  brought  into  contact  with  the  oxygen  of  the 
air, — and,  finally,  their  combustion  effected. 

The  constructing  the  furnace  chamber  so  shallow,  and  with 
such  inadequate  capacity,  appears  to  have  arisen  from  the  idea, 
that  the  nearer  the  body  to  be  heated  was  brought  to  the  source 
of  heat,  the  greater  would  be  the  quantity  received.  This  is 
no  doubt  true  when  we  present  a body  to  be  heated  in  front 
of  a fire.  When,  however,  the  approach  of  the  colder  body 
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will  have  the  direct  effect  of  interfering  with  the  processes 
of  nature,  (as  in  gaseous  combustion,)  it  must  manifestly  be 
injurious.  Absolute  contact  with  flame  should  be  avoided  where 
the  object  is  to  obtain  all  the  heat  which  coidd  be  produced  by 
the  combustion  of  the  entire  of  the  constituents  of  the  fuel.* 
When,  however,  the  object  is  merely  to  raise  a body  to  a 
high  temperature  by  local  application,  as  when  we  heat  a bar  of 
iron  in  a forge,  or  a flame,  and  without  reference  to  the  quan- 
tity of  heat  produced  and  wasted ; in  such  cases,  direct  contact 
becomes  necessary.  So  much,  however,  has  the  supposed  value 
of  near  approach,  and  even  impact,  prevailed,  that  we  find  the 
space  behind  the  bridge,  frequently  made  but  a few  inches 
deep,  and  bearing  the  orthodox  title  of  the  flame  bed,  as  in 
Fig.  19.  Sounder  views,  however,  have  shewn  that  it  should 
have  been  made  capacious,  and  the  impact  of  the  flame  avoided. 
This  will  be  enlarged  on  hereafter. 


Fig.  19. 


* On  this  point  Dr.  Ure  observes,  “ When  a boiler  is  set  over  a fire,  its 
bottom  should  not  be  set  too  near  the  grate,  lest  it  refrigerate  the  flame,  and 
prevent  that  vivid  combustion  of  the  fuel  so  essential  to  the  maximum  pro- 
duction of  heat  by  its  means.  The  evil  influence  of  leaving  too  little  room 
between  the  grate  and  the  copper  may  be  illustrated  by  a very  simple  expe- 
riment. If  a small  copper  or  porcelain  capsule,  containing  water,  be  held 
over  the  flame  of  a candle  a little  above  its  apex,  the  flame  will  suffer  no 
abatement  of  brightness  or  size,  but  will  continue  to  keep  the  water  briskly 
boiling.  If  the  capsule  be  now  lowered  into  the  middle  of  the  flame,  this 
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So  little  attention  has  been  given  to  this  part  of  the  subject, 
that  we  find  the  practice  adopted  in  locomotive  f urnaces  is  directly 
at  variance  with  that  in  marine  and  land  boilers.  In  marine  fur- 
naces, using  bituminous  coal,  and  where,  for  chemical  reasons, 
large  capacity  in  the  chamber  is  an  absolute  essential,  it  is, 
nevertheless,  made  shallow^  narrow,  and  long.  In  locomotives,  on 
the  contrary,  where  no  similar  gaseous  operations  are  carried 
on,  the  chamber  (^called  the  fire  box)  is  deep,  wide,  and  short. 
Thus  the  former  is  deficient  in  the  capacity  which  is  there  an 
essential ; while  the  latter  has  it  in  abundance,  though  not  ab- 
solutely necessary. 

This  anomaly  is  illustrative  of  the  absence  of  due  inquiry 
when  the  locomotive  tubular  system  was  inadvertently  introduced 
into  marine  boilers,  as  will  be  shewn  hereafter.  It  is  here  only 
necessary  to  add,  that  as  bituminous  coal  cannot  efficiently,  or 
economically,  be  employed,  except  on  the  condition  that  the 
gaseous  as  well  as  the  fixed  portion  be  supplied  with  the  air  neces- 
sary for  combustion ; so  it  is  essential  that  adequate  space,  or 
area,  be  provided  in  the  furnace  for  the  due  performance  of 
such  duties. 

As  a general  rule,  deduced  from  practice,  it  may  be  stated, 
that  the  depth  between  the  bars  and  the  crown  of  the  furnace 
should  not  be  less  than  two  feet  six  inches  where  the  grate  is  but 
four  feet  long ; increasing  in  the  same  ratio  where  the  length  is 
greater : and,  secondly,  that  the  depth  below  the  bars  should  not 
be  less,  although  depth  is  not  there  so  essential  either  practically 
or  chemically. 

will  immediately  lose  its  brightness,  becoming  dull  and  smoky,  covering  the 
bottom  of  the  capsule  with  soot ; and  owing  to  the  imperfect  combustion, 
though  the  water  is  now  suri’oundcd  by  the  flame,  its  ebullition  will  cease.’’ 


CHAPTER  III. 


OF  THE  INTRODUCTION  OF  THE  AIR  TO  THE  COKE, 

OR  FIXED  PORTION  OF  THE  COAL  IN  A FURNACE, 

PRACTICALLY  CONSIDERED. 

With  reference  to  the  volume  of  air  required  for  the  combus- 
tion of  the  coke  of  a ton  weight  of  coal,  independently  of  the 
gas,  there  can  be  neither  doubt  nor  difficulty.  There  is  but  one 
body,  or  combustible,  to  be  dealt  with,  viz.,  the  carbon  : so  there 
is  but  one  supporter  of  combustion  required  — the  oxygen  of  the 
air.  Any  difficulty  that  may  arise,  therefore,  in  practice,  cannot 
be  a chemical  one,  and  must  be  the  result  of  some  impediment 
mechanically  introduced. 

We  have  seen  that  in  combustion,  atmospheric  air  is  the 
largest  ingredient ; yet,  it  is  just  the  one  to  which,  practically, 
the  least  attention  is  given,  either  as  to  quantity  or  control. 
This  surely  is  not  in  accordance  with  the  scientific  status  of  the 
age.  Indeed,  the  practice  of  the  present  day  is  in  direct  oppo- 
sition to  what  science  dictates  ; and  may  be  compared  to  that  of 
a chemist,  who,  though  requiring  precise  proportions  and  equi- 
valents, both  in  weight  and  volume,  of  two  ingredients,  for  pro- 
ducing a given  result,  should  nevertheless  be  particular  as  to 
providing  the  one,  but  regardless  as  to  the  other. 

Mr.  Craddock,  with  the  view  of  refuting  the  objections  to 
the  tubular  boiler,  observes,  “ If  chemistry  did  not  teach  us 
that  the  rate  of  combustion  produced  in  the  furnace  is  dependent 
on  the  quantity  of  air  passing  throiigh  it,  every  day’s  experience 
would  soon  convince  us  of  this.”  Now,  chemistry  certainly 
does  not  teach,  nor  docs  experience  justify,  any  such  inference. 
'Wliat  both  teach  is  this,  that  combustion  depends  not  on  the 
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quantity  of  air  passing  through  it,  but  on  the  weight  of  oxygen 
ivhich  is  taken  up  in  the  passage.  In  truth,  the  quantity  of 
air  passing  through  it  may  be  even  destructive  of  combustion, 
when  in  excess  of  the  demand  of  the  fuel,  if  improperly  intro- 
duced. 

Again,  he  observes,  “ This  being  the  case,  the  matter  stands 
thus : — the  quantity  of  heat  generated  is  dependent  upon  the 
quantity  of  air  admitted ; so  also  is  the  quantity  of  steam  pro- 
duced dependent  upon  the  greater  or  less  intensity  of  the  fire.” 

Neither  chemistry  nor  experience  justify  these  inferences. 
The  quantity  of  “ heat  generated  ” is  dependent  on  the  relative 
weight  of  hydrogen  first,  and  carbon  afterwards,  chemically  com- 
bined with  their  equivalent  weights  of  atmospheric  oxygen. 
The  quantity  of  air  admitted  may,  indeed,  actually  diminish 
the  quantity  of  heat  generated.  So,  the  quantity  of  steam 
produced  ” does  notj  depend  on  the  " intensity  of  the  fire,”  but 
on  the  quantity  of  heat  absorbed  hy  the  water,  as  will  hereafter 
be  explained. 

Were  there  nothing  else  requiring  attention,  in  the  use  of 
coal,  than  the  combustion  of  its  fixed  carbon,  (as  in  the  fire-box 
of  a locomotive)  nothing  further  would  be  necessary  than  the 
supplying  the  air  through  the  grate-bars  to  the  fuel  on  them. 
In  the  use  of  coal,  however,  as  there  is  the  gas  also  to  be  gene- 
rated and  consumed,  any  excess  of  air,  or  its  injudicious  intro- 
duction, though  it  might  not  affect  the  combustion  of  the  carbon, 
must  necessarily  interfere  with  the  quantity  introduced  for  the 
use  of  that  gas. 

As  to  the  quantity  of  air  chemically  required  for  the  coke,  or 
fixed  portion  of  the  coal,  after  the  gas  has  been  expelled,  it 
has  already  been  shewn  that  every  6lbs.  of  carbon  requires 
16lbs.  of  oxygen.  Now,  the  volume  of  atmospheric  air  which 
contains  Ifilbs.  of  oxygen  is  estimated  at  about  900  cubic 
feet,  at  ordinary  temperature.  Taking,  then,  bituminous  coal 
as  containing  80  per  cent,  of  carbon,  we  have  1600  lbs.  of  coke 
(the  produce  of  20  cwt.  of  coals)  requiring  its  equivalent  of 
oxygen,  and  which  will  be  equal  to  240,000  cubic  feet  of  air ; 
since,  as  6 ; 900  : : 16  : 240,000.  This  great  quantity  of  air 
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required  for  the  exclusive  use  of  the  coke  on  the  bars,  must, 
therefore,  be  passed  upwards,  from  the  aSh-pit,  the  product 
being  transparent  carbonic  acid  gas,  of  a high  temperature. 

In  this  process  no  error  can  be  committed.  The  carbon 
remains  quiescent,  imd  ivithout  combustion  (wholly  irrespective 
of  the  temperature  to  which  it  may  be  raised),  until  each  atom 
shall,  successively,  obtain  contact,  and  combine  with  its  equiva- 
lent of  oxygen ; becoming,  as  it  were,  the  wings  by  which  it  is 
literally  to  be  carried  away,  in  the  shape  of  carbonic  acid.  Of 
itself,  and  without  the  aid  of  such  wings,  it  had  no  power  of 
movement,  escape,  or  combustion. 

The  conditions  under  which  cohe  enters  into  union  with 
oxygen,  and  the  singleness  of  the  process,  marks  strongly  the 
distinction  between  its  use  in  the  locomotive,  and  that  of  coal 
in  the  marine,  or  land  boiler.  In  the  former,  there  is  but  one 
operation,  as  here  shewn ; in  the  latter,  however,  there  are  the 
several  gaseous  operations,  all  of  which  require  systematic 
management. 

In  supplying  the  air  to  the  coke,  and  to  avoid  the  admission 
of  a larger  quantity  than  is  legitimately  required  for  its  own 
combustion,  the  principal  point  requiring  attention  is,  the  pre- 
serving a uniform  and  sufficient  body  of  fuel  on  the  bars,  as  noticed 
in  the  last  chapter ; thus,  to  prevent  the  air  passing  through  the 
fuel  in  masses  or  streams,  by  which  a cooling  effect  would  be 
produced,  injurious  to  the  generation  and  combustion  of  the 
gas.  Where  anthracite  is  used,  as  in  the  United  States,  and 
which  is  composed  chiefly  of  carbon,  the  practice  is  to  keep  a 
body  of  it  on  the  bars  of  from  7 to  12  inches  deep.  If  this 
depth  of  anthracite  is  advisable,  it  will  hereafter  be  explained, 
that  a greater  depth  is  requisite  with  bituminous  coal. 


CHAPTER  IV. 


ON  THE  MEANS  OF  INTRODUCING  AIR  TO  THE 
GASEOUS  PORTION  OF  THE  COAL. 

Having  spoken  of  the  air  required  for  the  coke  of  a ton  of 
coal,  we  have  now  to  consider  the  quantity  required  for  the  gas 
of  the  same.  Here  we  enter,  unquestionably,  on  the  most 
difficult  branch  of  the  inquiry. 

It  has  been  shewn  that  each  cubic  foot  of  gas  requires,  ab- 
solutely, the  oxygen  of  ten  cubic  feet  of  atmospheric  ah'.  By 
the  proceeds  of  the  Gas  Companies,  we  learn,  that  10,000 
cubic  feet  are  produced  from  each  ton  of  bituminous  coal : this 
necessarily  requires  no  less  than  100,000  cubic  feet  of  air. 
Adding  this  to  the  240,000  cubic  feet  required  for  the  coke, 
we  have  a gross  volume  of  340,000  cubic  feet  as  the  minimum 
quantity  absolutely  required  for  the  combustion  of  each  ton  of 
coaly  independently  of  that  excess  which  will  always  be  found 
to  pass  beyond  what  is  chemically  required. 

As  it  continues  to  be  asserted  that  this  great  volume  of  air, 
might,  under  management,  be  introduced  through  the  fire  bars 
and  superincumbent  fuel,  the  question  demands  a closer  exami- 
nation. A little  consideration,  however,  will  shew,  that  such  a 
proceeding  would  be  not  only  opposed  to  all  chemical  ex- 
perience, but  that  it  involves  a physical  impossibility. 

It  will  not  here  be  necessary  to  prove,  that  a body  of  air 
could  not  pass  through  a mass  of  incandescent  coke,  without 
being  deprived  of  the  entire,  or  a large  portion,  of  its  oxygen : 
as  well  might  we  expect  that  air  would  pass  through  the  lungs 
of  one  human  being,  and  yet  contain  the  necessary  quantity  of 
oxygen  for  the  support  of  life  in  another. 
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Before  a fresh  charge  of  coal  is  thrown  in,  there  will,  or 
should  be,  as  already  observed,  a sufficient  body  of  clear  and 
highly  heated  coke  remaining  on  the  bars.  After  the  charge 
has  been  made,  a large  volume  of  gas  will  be  generated ; and, 
consequently,  an  equivalent  quantity  of  pure  air  will  be  re- 
quired for  its  combustion.  Now,  at  this  stage  of  the  process, 
and  by  reason  of  the  mass  of  fresh  fuel  thrown  in,  the  passage 
of  the  air  through  it  must  then,  necessarily,  be  the  most  re- 
stricted. Thus  the  smallest  quantity  of  air  would  be  enabled 
to  gain  admission,  simultaneously,  with  the  greatest  demand  for 
it ; and  the  largest  generation  of  gas,  simultaneously,  with  the 
most  restricted  means  of  enabling  the  air  to  obtain  access. 
Were  there  no  other  considerations,  these  alone  would  be  suf- 
ficient to  shew  the  absolute  necessity  of  providing  some  other 
channel  for  the  introduction  of  the  air  for  the  gas,  and  the  im- 
possibility of  introducing  the  requisite  quantity  in  that  direction. 

As  the  obtaining  the  largest  measure  of  heat  from  any  given 
weight  of  coal,  turns  exclusively  on  the  introducing  the  air  in 
the  proper  quantity  and  manner , this,  in  fact,  becomes  the  car- 
dinal point  in  the  inquiry ; and  on  this  point  have  the  greatest 
mistakes  been  made.  Watt  in  his  early  patent  (1785)  sought 
to  introduce  the  air  through  the  body  of  fresh  coal  placed  in  front 
of  the  furnace.  Chemistry,  however,  has  since  shewn,  that  not 
one  hundredth  part  of  the  required  quantity  could  be  so  in- 
troduced. When  Watt  was  engaged  in  considering  the  gene- 
ration of  steam,  concurrently  with  the  use  and  economy  of  fuel, 
all  was  uncertainty  as  to  the  proportion  of  air,  chemically 
required  for  its  combustion.  The  scientific  world  had  but  a 
vague  idea  of  the  relations  between  the  combustible  and  the 
supporter  of  combustion.  The  all-important  system  of  chemical 
equivalents  which  now  forms  the  basis  of  our  knowledge,  as  to 
quantities,  was  not  even  suspected.  Since  then,  however,  by 
the  discoveries  of  Higgins,  Dalton,  Davy,  and  their  successors, 
uncertainty  has  given  way  to  certainty,  and  we  are  now  as  sure 
of  our  results  as  if  we  had,  physically,  the  power  of  handling 
and  combining,  at  will,  the  several  elements  which  enter  into 
the  composition  of  bodies.  In  the  language  of  Stockhardt, 
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Previously  to  the  discovery  of  the  laws  of  equivalent  ju’opor- 
tions,  hardly  fifty  years  ago,  it  could  only  be  ascertained  by 
laborious  trials,  how  much  of  one  body  was  required  to  combine 
with  another,  or  to  replace  another.  It  is  now  only  necessary 
to  refer  to  the  table  of  the  proportional  or  equivalent  numbers, 
to  ascertain,  and  beforehand,  the  quantity  to  be  employed.” 

Had  Watt  been  experimenting  on  the  combustion  of  coal, 
with  the  accurate  knowledge  we  now  possess,  he  certainly 
would  not  have  neglected  (as  is  the  case  in  the  present  day)  the 
providing  the  relative  quantities  of  the  ingredients,  air  being 
one  of  them. 

We  may  here  imagine  the  amazement  which  Watt  would  have 
experienced,  had  the  following  formulee  been  presented  to  him. 

Organic  substances  have  an  incomparably  more  complicated 
constitution  than  in  the  organic  compounds,  as  the  following 
examples  shew: 

Fig.  20.  a From  the  well  known  amber,  a peculiar  acid, 

succinic  acid,  is  obtained,  which  consists  of  four 
atoms  of  carbon,  two  atoms  of  hydrogen,  and 
three  atoms  of  oxygen,  and  has  accordingly  the 
formula  C4  Ha  O3  (see  Fig.  20). 

Fig.  21. 

OYo)(OYo)  atom  of  oxygen  is  added  to  this,  we 

have  the  constitution  of  malic  acid  = C4  Ha  O4  (see 

i#90  Fig.  21). 


Fig.  22. 


“ If  one  more  atom  of  oxygen  is  added,  that 
of  tartaric  acid  — C4  H2  O5  (see  Fig.  22). 


Fig.  23. 


“ And  by  adding  yet  another  atom  of 
oxygen,  that  of  formic  acid  = C4  H2  Oe  (see 
Fig.  23). 


Fig.  24 


‘‘  But  on  the  other  hand,  if  one  atom  of  hy- 
drosen is  added  to  the  succinic  acid,  which  was 

O 

the  starting-point,  the  constitution  of  acetic  acid  is 
obtained  = C4  H3  O3  &c.  (see  Fig.  24). 
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Sugar,  starch,  anti  wood  have  precisely  the  same  constitution, 
namely,  Co  H5  O5 : they  are  isomeric.  If  we  imagine  these  three 
elements  grouped  together  in  different  ways,  as  for  instance  : — 


in  sugar : in  starch  : in  wood  : 

Fig.  25.  Fig.  26.  Fig.  27. 


“ Here,  then,  we  can  form  an  idea  how  one  and  the  same 
quantity  of  the  same  elements  may  combine,  forming  such  very 
different  bodies.” 

With  reference  to  the  volume  of  air  to  be  introduced.  Pro- 
fessor Daniell  observes,  that  it  will  be  necessary,  even  in  labo- 
ratory practice,  to  supply  twice  the  quantity  that  would,  strictly 
and  chemically,  be  required.  Now,  taking  the  minimum  quantity 
of  air,  at  atmospheric  temperature,  (for  the  gas  of  one  ton 
of  coal)  at  100,000  cubic  feet,  to  form  an  idea  of  what  that 
quantity  is,  it  will  only  be  necessary  to  say,  that  it  would  fill 
a tube  of  12  inches  square  (the  area  of  ordinary  fire  doors), 
and  of  no  less  than  20  miles  in  length.  This  will  enable  us  to 
consider  practically  the  great  body,  or  bulk,  we  have  to  deal 
with,  and  the  difficulty  of  effecting  its  introduction. 

The  introducing  the  required  quantity  of  air  will  necessarily 
depend,  first,  on  the  area  of  the  orifice  through  which  it  enters  ; 
and  secondly,  the  velocity  at  which  it  passes  through  that  area. 
It  has  been  stated  that  the  aperture  for  the  admission  of  the 
required  quantity  should  average  from  one  half  to  one  square 
inch  for  each  square  foot  of  grate-bar  surface. 

So  entirely  disproportioned,  however,  is  the  area  here  stated, 
that  it  would  not  supply  one-fourth  the  quantity  absolutely 
required;  much  less  that  additional  quantity  which  we  have 
seen  must  of  necessity  pass  with  it. 

\ There  seems,  then,  to  have  been  some  serious  oversight  in 
making  these  calculations.  Practice  and  experiment  prove 
that  instead  of  an  area  of  one  square  inchy  no  less  than  f rom  four 
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to  six  square  inches  for  each  square  foot  of  furnace  will  be 
required,  according  to  the  gas-generative  quality  of  the  coal, 
and  the  extent  of  the  draught  in  each  particular  case. 

In  examining  the  tables  of  results  supplied  by  experimenters, 
the  cause  of  their  error  may  be  traced  to  a mistake  in  the 
estimated  velocity  of  the  heated  gaseous  matter  passing  througli 
furnaces  to  the  chimney  shafts.  As  this  has,  in  many  instances, 
been  adopted  on  the  supposed  authority  of  Dr.  Ure,  it  is  right 
to  state,  that  the  error  appears  to  have  originated  in  taking 
what  that  accurate  chemist  and  experimenter  had  given, — not 
as  practical,  but  as  theoretic  results.* 

It  is  to  be  observed,  that  we  are  not  here  determining  (as 
Dr.  Ure  was)  the  velocity  of  the  current  of  heated  gaseous 
products  passing  through  the  fines  of  a furnace,  or  escaping  by  a 
shaft  of  any  given  height.  It  is  not  the  egress  of  intensely 
heated  products  that  we  are  considering,  but  the  ingress  of  air 
at  merely  atmospheric  temperature  and  pressure;  and  further 
subject  to  all  the  consequences  of  Impeded  motion  from  friction, 
in  passing  through  numerous  small  apertures. 

The  following  table  of  relative  velocities  of  the  air  on  enter- 
ing, will  illustrate  the  joint  influences  of  current  and  area 
through  the  admission  orifices. 


Air  aperture  per 
square  foot  of 
furnace  for  bitu- 
minous coal. 

Velocity  per  se- 
cond of  ingress 
cuiTent  of  air  at 
60°. 

Cubic  feet  per  hour 
entering  through 
small  orifices. 

For  every  ton  of 
Coal  in  cubic 
feet. 

Square  inches. 

At  ft.  per  second. 

Cubic  feet. 

Cubic  feet. 

6 

5 

7,500 

75,000 

6 

10 

15,000 

150,000 

6 

20 

30,000 

300,000 

5 

5 

6,250 

62,500 

5 

10 

12,500 

125,000 

5 

20 

25,000 

250,000 

4 

5 

5,000 

50,000 

4 

10 

10,000 

100,000 

4 

20 

20,000 

200,000 

* Dr.  lire’s  statement  is  as  follows : — “ The  quantity  of  air  passing  through 
well-constructed  furnaces  may,  in  general,  be  regarded  as  double  what  is 
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Now,  suppose  a furnace  measuring  4 x 2/6  = 10  square  feet 
of  surface,  and  with  moderate  draught,  this  will  be  adequate  to 
the  combustion  of  2 cwt.  of  coal  per  hour ; — the  gas  from 
which  will  require  10,000  cubic  feet  of  air.  To  supply  that 
quantity,  within  the  hour,  will  require  the  following  relative 
areas  of  admission,  and  velocity  of  current,  viz : — 


Velocity  of  current  per 
second  of  air  entering 
the  furnace. 


Area  of  aperture,  in 
square  inches,  per  foot 
of  furnace. 


If  at  6.66  feet  per  second,  will  require  6 square  inches. 


10 

20 

40 


jj 

a 


93 

yy 

33 

2 

yy 

33 

1 

yy 

From  this  we  see  the  absolute  necessity  of  ascertaining  the 
practical  rate  of  current  of  the  air  when  entering,  before  we  can 
decide  on  the  necessary  area  for  its  admission.  Hitherto  no 
estimate  has  been  made  respecting  these  proportions  on  which 
reliance  can  be  placed. 

With  reference  to  the  mode  of  introducing  the  air,  it  is  not 
a liLlle  remarkable,  (so  slow  is  scientific  progress  when  opposed 
to  established  custom)  that  many,  to  the  present,  overlook,  or 
even  dispute  the  difference  in  effect,  when  it  is  introduced 
through  one,  or  numerous  orifices.  In  illustration,  then,  of  the 
effect  of  introducing  the  air  in  a divided  form,  let  us  take  the 
case  of  a boiler  furnace  of  modern  and  approved  form,  where 


rigorously  necessary  for  combustion,  and  the  proportion  of  carbonic  acid 
generated,  therefore,  not  one-half  of  what,  it  would  be  were  all  the  oxygen 
combined.  The  increase  of  weight  in  such  burned  air  of  the  temperature  of 
212°  being  taken  into  account  will  give  19  yards  or  67  feet  per  second  for  the 
velocity  in  a chimney  100  yards  high  incased  in  steam. 

“Such  are  the  deductions  of  theory;  but  they  differ  considerably  from 
practical  results,”  Describing  the  many  sources  by  which  the  theoretical 
velocity  was  diminished,  he  gives  the  result  of  a series  of  experiments  in 
which  the  velocity  per  second  was  as  follows : — 

“ The  chimney  being  45  feet  in  length,  the  temperature  of  the  thermometer 
being  68°  Fahr.  the  velocity  per  second  was — 


Trials. 


I 


1 . 
2 . 
3 . 


By  Theory. 

26’4  feet 
29*4 
34*5 


yy 


By  Experiment. 

Mean  Temperature 
of  Chimney. 

. 5 feet  . . 

. 190  Fahr. 

. 6'76  „ . . 

. 212  „ 

. 6*  3 „ . . 

. 270  „ 

yy 
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the  air  enters  by  a single  orifice,  and  compare  it  with  that  shewn 
where  it  enters  through  100  or  more  orifices.  ' 

In  the  first  example,  (if  the  body  of  air  be  not  too  great,)  the 
efiect  may  be  favorable,  to  some  extent,  in  preventing  the 
generation  of  dense  smoke.  Inasmuch,  however,  as  the  quantity 
of  air  thus  introduced,  is  chemically  inadequate  to  the  com- 
bustion of  the  gas,  much  of  the  latter  must  escape  unconsumed, 
though  not  in  the  form  of  smoke,  but  as  a light  coloured  vapour. 
In  such  case,  however,  the  inference  usually  drawn  would  be,  that 
the  area  of  admission  was  sufiScient,  and  the  combustion  perfect. 

This,  however,  would  be  erroneous ; besides,  that  it  would 
constitute  the  mere  non-appearance  of  smoke  as  the  test  of 
perfect  combustion  of  the  gas. 


Fiff.  28. 
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In  the  first  case,  Fig.  28,  the  body  of  air,  by  passing  through 
a single  aperture,  produces  the  action  of  a strong  current,  and 
obtains  a direction  and  velocity  antagonistic  to  that  lateral  mo- 
tion of  its  particles  which  is  the  very  element  of  diffusion.  In 
this  case,  passing  along  the  flue,  the  stream  of  air  pursues  its 
own  course  at  the  lower  level.  A,  while  the  heated  products 
fill  the  upper  one  at  B.  It  is  here  evident,  according  to  the 
laws  of  motion,  that  the  two  forces,  acting  in  the  same  direction, 
prevent  the  two  bodies  impelled  by  them  (the  air  and  the  gas) 
from  amalgamating.  In  fact,  they  do  not  come  into  contact, 
except  in  the  strata,  or  planes,  of  their  respective  proximate 
surfaces.  The  cooling  influences  of  the  air,  however,  goes  on 
in  the  flue,  and  produces  a result  the  reverse  of  what  was  then 
most  desired.  In  this  case,  the  velocity  of  the  current  is  op- 
posed to  the  desired  diffusion ; and  as,  by  the  laws  of  motion, 
matter  cannot  change  its  direction  unless  by  the  introduction 
of  some  other  force  ; — that  other  force  is  just  what  is  here  re- 
quired. Thus,  in  the  present  instance,  we  must  either  change 
the  direction  of  the  current  of  the  air,  or  give  it  the  right  di- 
rection from  the  beginning. 

Now,  instead  of  a single  aperture,  let  the  air  enter  through 
a hundred  or  more  apertures,  as  in  Fig.  29.  Here  the  force 
and  direction  of  the  current  will  be  avoided,  and  the  required 
diffusive  action  produced  on  passing  the  bridge.  Instead  of  the 
refrigeratory  influence  of  the  air,  as  in  the  first  case,  there  will 
be  a succession  of  igniting  atoms,  or  groups,  which  Sir  H.  Davy 
calls  “ explosive  mixtures,”  each  producing  combustion  with 
its  high  temperature.  These  are  distinctly  perceptible  from  the 
sight  holes  at  H. 

The  same  results  will  follow,  whether  the  single  or  numerous 
orifices  are  placed  at  the  door,  or  at  the  bridge  end  of  a furnace, 
as  in  Fig.  30.  In  this  case,  the  diffusion  will  be  more  im- 
mediate and  effective. 

On  this  point  it  may  be  well  to  notice  the  oft-repeated  fact, 
that  the  avoiding  dense  smoke  may  be  obtained  by  leaving  the 
I fire-door  ajar.  Now,  so  far  from  this  being  a discouragement, 
or  argument  against  the  use  of  numerous  small  orifices,  it  abso- 
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lately  confirms  both  the  principle  and  practice ; for,  if  al- 
lowing a given  quantity  of  air  to  enter  in  a thin  film  at  the  edge 
of  the  door  have  a good  effect,  we  are  thereby  encouraged  to 
allow  the  entire  cmnplement  to  enter  by  other  and  more  numerous 
films  or  apertures.  If,  indeed,  allowing  the  door  to  be  ajar, 
with  an  opening  of  one  inch,  were  sufficient  for  the  admission 
of  the  entire  volume  required,  nothing  further  will  be  desired. 
The  moment,  however,  the  aperture  is  enlarged  by  opening  the 
door  wider,  to  allow  that  required  volume  to  enter,  the  injurious 
and  cooling  influence  of  the  body  and  current  of  air  becomes 
self-evident,  and  the  result  confirmed  by  the  reduced  tempe- 
rature in  the  flue,  as  indicated  by  the  pyrometer. 

Of  the  advantageous  effect  produced  by  mechanical  agency,  in 
promoting  immediate  diffusion  between  the  air  and  the  gas, 
the  following  experiments  are  quite  conclusive. 

Let  Figures  31, 32,  and  33,  represent  each  a tin  apparatus,  with 
its  glass  chimney,  similar  to  the  ordinary  Argand  burner, — the 
gas  is  admitted  the  same  way  in  all  three — the  difierence  to  be 
noted  is,  in  the  manner  in  which  the  air  is  admitted.  In  all  these 
cases,  the  quantity  of  both  gas  and  air  was  the  same. 

In  Fig.  31,  no  air  is  admitted  from  below;  and  the  gas,  con- 
sequently, does  not  meet  with  any  until  it  reaches  the  top  of  the 
glass,  where  it  is  ignited,  producing  a dark  smoky  flame. 

In  Fig.  32,  air  is  admitted  from  below,  and  rises  through  the 
orifice  at  A,  concurrently  with  the  gas  at  the  orifice  B.  On 
being  ignited,  one  long  flame  is  produced,  of  a dark  colour,  and 
ending  in  a smoky  top. 

In  Fig.  33,  the  air  is  introduced  from  below,  and  into  the 
chamber  c c.,  from  which  it  issues  through  a perforated^plate, 
like  the  rose  of  a watering  pot;  thus  producing  immediate 
mixture  with  the  gas.  On  being  ignited,  a short,  clear,  and 
brilliant  flame  was  produced,  as  in  the  ordinary  Argand  gas 
burner. 

The  heating  powers  of  the  flames  were  then  tested,  by  placing 
a vessel  of  cold  water  over  each.  When  over  Fig.  32,  it  required 
14  minutes  to  raise  the  water  to  200°,  whereas,  over  Fig.  33,  it 
reached  200°  in  9 minutes. 
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Now,  the  dlfFerence  of  effect  produced  in  those  three  ex- 
periments corresponds  witli  what  takes  place  in  furnaces  and 
their  dues,  when  the  air  is  excluded,  and  when  it  is  admitted 
through  a single  or  through  numerous  orifices. 

Of  the  importance  of  mechanical  agency ^ in  promoting  the  ra- 
pid diffusion  or  mixture  of  the  air  and  the  gas,  the  modes 
adopted  on  the  continent  for  rendering  the  coke  gas,  or  carbonic 
oxiclcy  available,  are  conclusive  and  instructive. 

M.  Peclet  has  given  ample  details  of  the  mode  of  effecting  the 
combustion  of  this  gas,  (the  existence  of  which  has,  for  a long 
time,  been  practically  ignored  in  this  country,)  in  the  manu- 
facture of  iron,  and  even  in  the  puddling  furnaces,  where  the 
most  intense  heat  is  required. 

M.  Peclet  states  that  the  process  at  Treveray,  in  France, 
(see  Figs.  34  and  35)  is  preferable  to  that  adopted  in  Germany, 
and  for  the  following  reasons,  which  are  quite  to  the  point  of 
our  present  inquiry. 

1st.  The  air  and  the  gas  are  better  incorporated. 

2nd.  The  relative  quantities  of  the  gas  brought  into  con- 
tact with  the  air  are  more  easily  regulated. 

3rd.  Combustion  is  effected  by  the  introduction  of  the 
smallest  excess  of  air. 

In  the  apparatus,  as  shewn  in  the  section.  Fig.  10,  50  jets  of 
air  issue,  each  in  the  centre  of  50  jets  of  the  gas  (carbonic 
oxide),  led  from  the  cupolas  of  the  melting  furnaces.  On  ex- 
amination of  the  process  here  exhibited,  the  mixing  and  com- 
bustion, it  will  be  seen,  takes  place  on  the  instant^  and  before  the 
flame  and  heat  enter  the  chamber  of  the  furnace  at  F.  By  this 
arrangement,  M.  Peclet  observes,  “ that  the  highest  temperature 
that  the  arts  can  require  is  here  obtained.”  It  is  strange  .that 
the  practical  and  commercial  value  of  this  gas,  Avhich  is  so 
wastefully  expended  at  our  manufactories,  at  the  summit  of 
the  cupolas,  but  so  well  understood,  and  economized  in 
France  and  Germany,  is  only  just  now  being  recognized  in 
this  country. 
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Fig.  34. 


Fig.  35. 
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CHAPTER  V. 


OF  REGULATING  THE  SUPPLY  OF  AIR  TO  THE  GAS 
BY  SELF-ACTING  OR  OTHER  MECHANICAL  APPA- 
RATUS. 

Much  has  been  urged  on  the  necessity  for  regulating  the  sup- 
ply of  air  entering  the  furnace,  as  a means  of  preventing  an 
excess  at  one  time,  or  insufficient  quantity  at  another.  The 
theory  is  plausible.  Practice,  however,  when  tested  by  the 
aid  of  a pyrometer,  and  on  the  large  scale  of  the  furnace,  has 
invariably  proved  its  unsoundness  and  futility. 

If  the  generation  of  the  gas  in  a furnace  were  a constant 
quantity;  or  uniformly  increasing  and  decreasing;  and  ab- 
solutely ceasing  at  some  one  stage  of  the  charge  of  coal ; such 
regulating  apparatus  would  have  its  merit.  The  eye  and  the 
pyrometer,  however,  at  once  warn  us  of  the  wide  difference 
between  theory  and  practice ; exhibiting  the  irregularities  in 
the  generation  of  the  gas,  and  the  error  of  applying  an  inflexible 
scale  to  a series  of  ever  varying  quantities. 

The  possibility,  or  policy,  of  regulating  the  admission  of  air 
by  mechanical  means , was  the  object  of  numerous  efforts  on  the 
large  scale.  The  aid  of  the  first  mechanical  and  chemical 
authorities  was  directed  to  ascertain  whether  any,  and  what 
degree  of  adjustment  was  practicable  or  advisable.  After 
much  investigation  it  was  found,  that  under  the  varying  cir- 
cumstances of  land  and  marine  boilers ; — of  quick  and  slow 
combustion; — of  large  and  small  furnaces; — of  the  irregularities 
of  the  draught,  which  often  varied,  even  in  the  several  fur- 
naces of  the  same  boiler : looking  also  to  the  various  modes  of 
firing,  and  the  uncertain  qualities  of  the  fuel  employed;  all 
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these  render  the  theory  of  regulating  the  admission  of  the  air, 
as  each  charge  proceeded j not  only  impracticable,  but  even  in- 
jurious. 

In  the  report  made  to  the  Dublin  Steam  Company,  in 
1842,  by  Mr.  Josiah  Parkes,  (the  Patentee  of  the  Split- 
bridge,)  an  engineer  well  qualified  for  such  an  inquiry,  he 
observes,  — ‘‘  During  the  above-named  experiments,*  I made 
numerous  essays  of  the  effect  produced  by  shutting  off  the  ad- 
mission of  air  to  the  gases,  after  the  visible  inflammable  gases 
had  ceased  to  come  over,  and  when  the  fuel  on  the  grate  was 
clear  and  incandescent.  In  such  cases  I alioays  found  the  entire 
stoppage  of  air  to  he  followed  by  diminished  heat  in  the  flues  and  by 
diminished  evaporation;  for  at  these  times,  carbonic  oxide  con- 
tinued to  be  formed;  a gas  which,  though  colourless,  was 
converted,  by  a due  mixture  of  the  atmospheric  air,  into  flame, 
possessing,  evidently,  a high  intensity  of  heat,  and  producing 
much  useful  effect.  The  calorific  value  of  this  gas  is  lost  ivhen 
the  air  is  excluded,  although  its  non-combustion  is  not  attended 
with  the  production  of  visible  smoke.” 

During  these  investigations  it  was  ascertained,  that  the  ap- 
pearance or  non-appearance  of  visible  smoke  was  no  test,  either  for 
or  against  the  admission  of  air — as  to  quantity.  Mr.  Parkes  on 
this  head  observes : — The  consequences  of  regulating  and 
varying  the  quantity  of  air  admitted  so  as  to  suit  the  varying 
state  of  the  furnace,  as  regards  the  quantity  of  gas  given  off, 
also  occupied  my  close  attention.  It  is  quite  certain  that,  to 
effect  the  perfect  combustion  of  all  the  combustible  gases  pro- 
duced in  a furnace,  a large  demand  for  air  (distinct  from  the 
air  entering  the  grate)  always  exists : also,  that  by  entirely  ex- 
cluding air,  smoke  is  produced,  and  the  heat  diminished  in  all 
states  of  the  fire.  Thus,  with  correctly  assigned  proportions 
once  ascertained,  no  attention  is  required  on  the  part  of  the 
fireman  in  regulating  the  admission  of  air.  On  looking  through 

♦ These  experiments  were  made  with  great  care  and  deliberation,  and  with 
all  the  aids  that  the  eye,  the  pyrometer,  and  the  thermometer  could  give. 
Every  part  of  the  interior  was  always  visible,  and  closely  attended  to  ; the 
temperature  in  the  flues  and  the  heat  of  the  escaping  products  in  the  chimney 
were  also  watched  and  noted. 
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the  sight  holes,  it  was  manifest,  that,  as  a stream  of  either  car- 
buretted  hydrogen,  or  carbonic  oxide  gas,  was  at  all  times 
generated  and  passing  over;  so  there  was  necessarily  a corres- 
ponding demand  for  air ; and  when  supplied,  a continuous 
stream  of  visible  flame.” 

This  is  conclusive  on  the  point  of  regulating  the  supply  of 
air,  or  shutting  it  off  at  any  period  of  a change. 

In  addition  to  this  inquiry.  Sir  Robert  Kane  (one  of  the 
highest  chemical  authorities  of  the  day),  was  also  engaged,  and 
made  an  elaborate  investigation  and  report  on  the  subject. 

Report  to  the  Directors  op  the  City  of  Dublin  Steam-Packet 

Company. 

Gentlemen,  — In  accordance  with  your  request,  that  we  should  proceed  to 
examine  into  the  construction  and  performance  of  the  Marine  Boiler  Fur- 
naces erected  at  your  works  in  Liverpool,  upon  the  principle  of  the  patent  of 
Mr.  Williams,  we  have  to  report,  that  we  have  carefully  inspected  the  opera- 
ation  of  these  furnaces  in  their  several  parts,  and  also  some  others  con- 
structed in  a similar  manner,  upon  a large  working  scale,  which  are  now  in 
actual  use  in  various  parts  of  the  town  ; and  that  we  have  instituted  several 
series  of  experiments  and  observations  upon  the  temperature  produced  by 
those  furnaces,  and  the  manner  in  which  the  fuel  is  consumed  in  them. 

In  deducing  from  those  experiments  and  observations  the  conclusions  which 
will  be  found  embodied  in  this  report,  we  have  taken  into  careful  considera- 
tion the  general  chemical  principles  upon  which  combustion  must  be  carried 
on,  so  as  to  effect  the  greatest  economy  of  heat  and  fuel ; and  we  have  ex- 
amined how  far  those  principles  are  attended  to  in  the  construction  of  the 
various  kinds  of  furnaces  that  have  been  proposed  for  practical  use. 

The  conclusions  to  which  we  have  arrived,  and  which  we  believe  to  be  es- 
tablished by  very  decisive  evidenee,  as  well  of  a practical  as  of  a theoretical 
kind,  may  be  briefly  expressed  as  follows : 

1st.  That,  in  the  combustion  of  coals,  a large  quantity  of  gaseous  and 
inflammable  material  is  given  out,  which,  in  furnaces  of  the  ordinary  con- 
struction, is,  in  great  measure,  lost  for  heating  purposes,  and  gives  rise  to  the 
great  body  of  smoke  which,  in  manufacturing  towns,  produces  much  in- 
convenience. 

2nd.  That  the  proportion  which  the  gaseous  and  volatile  portion  of  the  fuel 
bears  to  that  which  is  fixed,  and  capable  of  complete  combustion  on  a com- 
mon furnace  grate,  may  be  considered  as  one-fourth,  in  the  case  of  ordinary 
coal. 

flrd.  That  the  air  for  the  combustion  of  this  gaseous  combustible  material 
cannot,  with  advantage,  be  introduced  either  through  the  interstices  of  the  fire 
bars,  or  the  door  by  opening  it.  In  the  former  case,  the  air  is  deprived  of  its 
oxygen  by  passing  through  the  solid  fuel,  and  then  only  helps  to  carry  off 
the  combustible  gases  before  they  can  be  burned  ; and,  in  the  latter  case,  the 
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air  which  would  enter,  by  reason  of  its  proportionate  mass,  would  produce  a 
cooling  influence,  and  cannot  conveniently  be  mixed  so  as  properly  to  support 
the  combustion  of  the  gases. 

4th.  That  the  combustion  of  the  gaseous  materials  of  the  fuel  is  best  ac- 
complished by  introducing,  through  a number  of  thin  or  small  orifices,  the 
necessary  supply  of  air,  so  that  it  may  enter  in  a divided  form,  and  rapidly 
mix  with  the  heated  gases  in  such  proportions  as  to  effect  their  complete 
combustion. 

5th.  That,  in  burning  cohe,  or  when  coal  has  been  burned  down  to  a clear 
red  f re,  although  the  combustion  on  the  grate  may  appear  to  be  perfect,  and 
little  or  no  flame  may  be  produced,  and  no  smoke  whatever  made,  there  may 
yet  he  a great  amount  of  useful  heat  lost,  owing  to  the  formation  of  carbonic 
oxide,  which,  not  finding  a fresh  supply  of  air  at  the  proper  place,  necessarily 
passes  off  unburned. 

6th.  That  under  the  common  arrangements  of  boiler  furnaces,  where  there 
is  intense  combustion  on  the  fire-grate,  and  but  little  in  the  flues,  the  differ- 
ences of  temperature  in  and  around  the  various  parts  of  the  boiler  are  greater ; 
and,  consequently,  the  boiler  is  most  subject  to  the  results  of  unequal  tem- 
peratures. On  the  other  hand,  when  the  process  of  combustion  is  spread 
through  the  flues,  as  well  as  over  the  fire-grate,  the  temperature  remains  most 
uniform  throughout,  and  the  boiler  and  its  settings  must  be  least  liable  to 
injury. 

7th.  That  the  beat  produced  by  the  combustion  of  the  inflammable  gases 
and  vapours  from  the  fuel,  in  flues  or  chambers  behind  the  bridge,  must  be 
considerable,  and  can  be  advantageously  applied  to  boilers,  the  length  of 
which  may  be  commensurate  with  that  of  the  heated  flues. 

In  further  substantiation  of  these  conclusions,  we  will  describe  the  results  of 
our  experiments  made  with  the  marine  boilers  fitted  up  with  air-apertures 
on  Mr.  Williams’s  plan,  in  order  to  determine  how  far,  in  practice,  the 
scientific  principles  of  combustion  may  be  economically  carried  out. 


EXPERIMENTS  WITH  COAL. 

Experiment  1. 

When  the  fire  w’as  charged  with  coal,  and- air  admitted  only  in  the  ordinary 
way,  (the  passage  to  the  air-distributors  being  closed,)  the  entire  interior  of 
the  flues  was  filled  with  a d£nse  black  smoke,  which  poured  out  from  the  orifice 
of  the  chimney  in  great  quantity,  and  as  observed  through  the  sight-holes. 
The  mean  temperature  of  the  flues  in  this  experiment  being  found  to  be  650®. 

Experiment  2. 

The  furnace  being  charged  in  the  same  manner  with  coal,  and  the  supply 
of  air  by  the  dividing  apparatus  fully  let  on,  the  smoke  instantly  disappeared. 
Nothing  visible  passed  from  the  chimney.  The  flues  became  filled  with  a 
clear  yellow  flame,  which  wound  round  at  a maximum  distance  of  thirty  feet, 
^ and  the  mean  temperature  at  the  turn  of  the  flue  was  found  to  be  1211°. 

Hence,  the  quantity  of  heat  conveyed  to  the  water  through  the  flues,  was 
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nearly  doubled  by  introducing  the  air  in  this  divided  manner;  and,  whilst  the 
fuel  remained  the  same,  the  combustion  was  rendered  perfect,  and  no  smoke 
produced. 


Experiment  3. 

The  furnace  being  charged  with  coal  exactly  as  before,  the  passage  to  the 
air-apertures  was  one-half  closed.  A grey  smoke  issued  from  the  chimney. 
The  flues  were  occupied  by  a lurid  flame,  occasionally,  of  nearly  forty  feet  in 
length  ; the  mean  temperature  of  the  flues  being  found  to  be  985®. 

Thus,  with  half  the  supply  of  air,  a mean  condition  was  obtained  between 
the  dense  black  smoke  and  imperfect  combustion  of  the  first  experiment,  and 
the  vivid  combustion  and  perfect  absence  of  smoke  of  the  second. 


EXPERIMENTS  WITH  COKE. 

Having  thus  tested  the  circumstances  of  the  combustion  of  coaly  under  dif- 
ferent conditions  of  the  furnace,  we  next  proceeded  to  ascertain  the  exact 
circumstances  of  the  combustion  of  coke. 

Experiment  4. 

The  furnace  being  fully  charged  with  coke,  (from  the  Gas  Works,)  and 
the  air-aperture  closed,  so  that  it  burned  as  in  an  ordinary  furnace,  the  flues 
were  dark,  but  a bluish  yellow  flame  extended  under  the  boiler  to  the  back,  a 
space  of  ten  feet.  The  mean  temperature  of  the  flue  was  then  found  to  be 
702°. 

The  coal,  under  the  same  circumstances,  having  given  a mean  temperature 
of  650°,  a difference  of  52°  heating  power  was  thus  shewn  in  favour  of  coke, 
and  which  agrees  with  results  obtained  by  others  with  furnaces  of  the  ordinary 
construction. 

Experiment  5. 

The  furnace  being  again  charged  with  coke,  the  air-aperture  was  opened  one- 
half.  The  flues  then  became  occupied  with  a flame  of  various  tints,  blue, 
yellow,  and  rose-coloured,  produced  by  the  combustion  of  carbonic-oxide  and 
various  other  gaseous  products.  This  flame  extended  tlirough  twenty-five  feet. 
The  mean  temperature  of  the  flue  was  then  found  to  be  1010°. 

Thus,  even  with  coke,  the  increase  of  available  heating  power,  produced  by 
the  admission  of  air  on  Mr.  Williams’s  plan,  was  found  to  be  300°,  or  three- 
tenths  of  the  entire. 

Experiment  6. 

The  furnace  being  again  charged  with  coke,  and  the  air-aperture  fully- 
opened,  the  flame  in  the  flue  shortened  to  about  fifteen  feet,  and  the  mean  tem- 
perature of  the  flue  became  852°. 

Hence  it  appeared,  that  there  had  been  a larger  quantity  of  air  admitted  in 
this  last  case  than  was  necessary  for  the  combustion  of  the  gases  from  the 
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coke  ; and  hence  a cooling  effect  had  been  produced,  such  as  to  neutralize  one- 
half  of  the  advantage  which  would  have  otherwise  been  gained. 

It  results  from  these  experiments,  — 

1st.  That  the  air-aperture  of  the  furnace  was  sufficient  for  the  proper  com- 
bustion of  coals^  but  was  one-half  too  large  for  coke. 

2nd.  That  bj’'  the  nse  of  the  air-apertures,  in  the  case  of  coals,  all  smoke  is 
prevented,  and  the  useful  effect  of  the  fuel  much  increased. 

3rd.  That,  even  when  coke  is  used,  the  heating  effect  is  also  much  increased 
by  the  admission  of  air  by  apertures  behind  or  at  the  bridge ; but  it  required 
only  one-kalf  of  the  air  which  is  necessary  for  coal.  If,  however,  it  be  sup- 
plied with  the  quantity  best  adapted  for  coal,  one-half  of  the  advantage  is 
again  lost  by  the  cooling  power  of  this  excess  of  air. 

4th.  Since,  in  all  ordinary  cases  of  practice,  fresh  fuel  is  added  in  moderate 
quantities,  at  short  intervals  of  time,  it  was  not  found  necessary  to  alter  the 
rate  of  admission  of  the  air  by  valves  or  other  mechanism.  An  uniform  cur- 
rent, admitting  a quantity  of  air  intermediate  to  that  necessary  for  coal  alone, 
will  abundantly  suffice  for  the  perfect  combustion  of  the  fuel,  and  need  not 
require  any  extra  attention  on  the  part  of  the  workmen. 

In  conclusion,  we  have  to  state,  as  our  opinion,  that  the  arrangement  of 
furnace  and  admission  of  distributed  air  on  Mr.  Williams’s  plan,  fulfils  the 
conditions  of  complete  combustion  in  the  highest  degree,  as  far  as  is  compati- 
ble with  the  varieties  which  exist  in  the  construction  of  boilers,  the  peculiar 
character  of  the  coal  employed,  and  the  nature  of  the  draught ; the  forma- 
tion of  smoke  is  prevented ; and  the  economy  of  fuel  we  cannot  consider  as 
being  less  than  an  average  of  one-fifth  of  the  entire  in  the  case  of  coke,  and  of 
one-third  of  the  entire  when  coal  is  used. 

We  are.  Gentlemen, 

Your  obedient  Servants, 

ROBERT  KANE,  M.D.,  M.R.I.A., 

Professor  of  Natural  Philosophy  to  the  Royal  Dublin  Society,  and 
Professor  of  Chemistry  to  the  Apothecaries'  Hall  of  Ireland. 

R.  H.  BRETT,  Ph.D.,  F.L.S., 

Professor  of  Chemistry  to  the  Liverpool  Collegiate  Institution. 

The  Inference  from  these  chemical  investigations  is,  that  there 
is  no  interval  from  the  beginning  to  the  end  of  a charge,  when  there  is 
not  a large  body  of  combustible  gas  generated  in  the  furnace,  and  a 
large  supply  of  atmospheric  air  required. 

The  advocates  of  self-acting  valves  have  overlooked  the 
chemical  fact,  that  as  soon  as  the  coal  gas  (carburetted  hydro- 
gen), ceases  to  be  evolved,  the  fuel  on  the  bars  would  then  be 
in  an  incandescent  state,  and  precisely  in  the  condition  to 
furnish  a copious  generation  of  the  other  gas — the  coke-gas,  or 
carbonic  oxide  ; but  which  had  not  hitherto  been  noticed  by  any 
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writer  in  connerMon  luitli  holler  furnaces/^  Now,  as  this  latter 
gas  requires  (for  equal  volumes)  one-half  the  quantity  of  air 
of  the  former,  it  is  equally  necessary  that  such  be  supplied,  or 
the  heating  power  of  carbon  would  be  lost.f  The  characteristics 
of  this  gas  have  already  been  given.  Its  practical  application 
requires  here  to  bo  noticed. 

For  obtaining  the  supposed  advantages  of  regulating  the 
admission  of  the  air  by  mechciniccLl  CLCjency^  many  ingenious 
contrivances  have  been  suggested.  Among  these  the  following 
was  tested  many  years  back  by  the  Dublin  Steam  Company. 


Fig.  3G. 


* “ Carbonic  oxide,”  observes  Professor  Graham,  “ may  be  obtained  by 
transmitting  carbonic  acid  over  red  hot  charcoal.  The  combustion  is  often 
witnessed  in  a coke  or  charcoal  fire.  The  carbonic  acid  produced  in  the 
lower  part  of  the  fire  is  converted  into  carbonic  oxide  as  it  passes  up  through 
the  red  hot  embers.” 

t Mr.  Dewrance,  Engineer  of  the  Liverpool  and  Manchester  Railway,  when 
that  fact  was  pointed  out,  felt  the  importance  of  allowing  a large  quantity  of 
air  to  enter  through  the  door,  by  numerous  orifices,  and  experienced  the 
increased  heating  powers  arising  from  the  combustion  of  the  coke  gas  in 
the  furnaces  of  his  locomotives. 
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In  the  diagram,  Fig.  36,  a is  the  orifice  for  the  admission  of 
the  air ; 1)  the  valve ; c the  cistern  with  ball  to  regulate  the  fall 
of  the  valve ; e the  supply  cistern ; / the  tap  for  letting  off  the 
water ; g the  tap  for  regulating  the  rate  at  which  the  valve 
descends.  During  the  first  half  of  a twenty  minutes’  charge, 
the  valve  has  no  operation,  the  aperture  remaining  open,  the  full 
supply  of  air  being  then  required.  During  the  next  five 
minutes  it  gradually  closes,  and  during  the  last  five  minutes 
remains  closed,  to  counteract  the  neglect  of  firemen  in  allowing 
too  much  air  to  enter  through  the  uncovered  bars  at  the  end  of 
each  charge.*  Simple  as  this  plan  was  it  became  unnecessary, 
and  was  finally  discarded. 

As  some  notoriety  has  lately  been  given  to  the  plan  patented 
by  Mr.  Prideaux,  it  may  here  be  expected  that  it  should  receive 
examination.  Mr.  Prideaux  very  justly  observes,! — Only 
two  methods  present  themselves  by  which  the  supply  of  air 
and  the  wants  of  the  furnace  can  be  made  to  correspond; — 
either  both  must  be  made  constant  and  regular,  or  the  fluctu- 
ations of  one  must  be  made  to  coincide  with  those  of  the  other.” 
Again,  If  a continuous  and  equable  supply  is  to  be  furnished 
to  a furnace,  then  the  supply  of  fuel  must  be  made  continuous 
also.  This  appears  to  be  the  most  perfect  method  of  working  a 
furnace,  and  it  is  to  accomplish  this  object  that  most  of  the 
attempts  to  prevent  smoke,  and  obtain  perfect  combustion,  have 
been  directed.  Brunton’s  revolving  grate.  Jukes’  endless  chain 
of  fire-bars,  and  more  than  one  kind  of  rotary  feeder,  all  fulfil 
with  tolerable  efficiency  the  purposes  for  which  they  were 
designed.” 

O 

With  these  just  and  appropriate  remarks  Mr.  Prideaux  intro- 
duces his  own  plan  of  ^*A  self-closing  valve  for  preventing  smoke  and 
economizing  the  fuel^'’  | and  by  which  to  cause  “ the  fluctuations 

* The  adjustment  of  the  action  of  this  closing  valve  was  the  result  of  the 
changes,  as  to  temperature  and  effect,  indicated  by  the  Pyrometer. 

t “ Rudimentary  Treatise  on  Fuel,  particularly  with  reference  to 
Reverheratoi-y  Furnaces,  by  T.  Symes  Prideaux,  Esq.  John  Weale.” 

J “ A self-closing  valve  for  preventing  smoke,  and  economizing  fuel,’’  is 
here  a manifest  misnomer,  inasmuch  as  the  valve  part  of  the  apparatus  has  no 
connection,  directly  or  indirectly,  with  the  prevention  of  smoke,  or  economizing 
fuel. 
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between  supply  and  demand  to  coincide'^  He  then  describes  the 
action  of  his  valve  as  follows : — “ The  stoker  when  he  closes 
the  furnace  door  after  firing,  will  raise  the  arm  of  a lever  append- 
ed to  it ; this  movement  throws  wide  open  a sliding  valve  in 
the  face  of  the  door,  which  immediately  commences  closing,  slowly 
and  automatically,  by  the  gravity  of  the  lever,  and  affords 
during  the  progress  of  its  descent,  a gradually  diminishing 
supply  of  air  to  the  fire,  in  harmony  with  the  gradually  diminishing 
requirements  of  the  fueV' 

By  what  means  this  hitherto  undiscovered  phenomenon  of  the 
gradually  diminishing  requirements  of  the  fuel  during  the  first  half 
of  each  charge,  was  ascertained,  is  not  stated.  Now,  however 
plausible  this  theory  may  be,  it  is  at  once  disproved  by  experi- 
ment;— the  ‘‘  wants  of  the  furnace'^'^  being  in  direct  contradiction 
to  the  alleged  gradually  diminishing  requirements  of  the  fuel.” 
In  truth,  experiment  proves,  that  ‘‘to  cause  the  fluctuations 
between  the  supply  and  demand  to  coincide^  the  arrangements  of 
the  valve  should  have  been  just  the  reverse  of  what  is  here 
described  as  taking  place,  and  should  rather  require  a gradually 
increasing  (instead  of  diminishing)  supply  of  air  to  the  fire,  in 
harmony  with  the  gradually  increasing  (instead  of  diminishing) 
requirements  of  the  fuel. 

By  the  operation  of  closing  the  valves,  the  act  of  diminishing 
the  supply  of  air  begins  on  a fresh  charge  of  coal  being  made, 
and  it  is  entirely  closed  when  one-half  the  time  required  for  the 
charge  has  expired ; thus  necessarily  remaining  shut  during  the 
second  half, — on  the  supposition  that  there  was  no  gas  then 
generated,  and  no  further  supply  of  air  necessary.* 

* As  this  operation  of  the  valve  is  so  directly  opposed  to  the  true  require- 
ments of  the  fuel,  the  patentee’s  own  description  of  it  is  here  given. 

“ To  give  an  illustration  of  its  mode  of  action  :< — Supposing  a fresh  supply 
of  coal  to  be  put  on  a furnace  every  16  minutes — the  smoke  (meaning  gas) 
consequent  upon  coaling,  to  come  gradually  to  an  end  at  the  expb'ation  of 
eight  minutes — and  that  immediately  after  coaling,  the  furnace  requires  at 
the  rate  of  100  measures  of  air  per  minute  (admitted  above  the  fuel),  to 
furnish  the  requisite  amount  of  oxygen  to  prevent  smoke. 

“ For  such  a furnace  as  the  above,  this  valve  is  adjusted,  so  as  to  furnish 
at  the  rate  of  100  measures  of  air  per  minute  when  wide  open,  and  to  gradu- 
ally close  at  the  end  of  eight  minutes.  Now,  ns  the  operation  of  closing 
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It  is  here  manifest  that  the  error  into  which  Mr.  Prideaux 
has  fallen,  has  arisen  from  assuming,  theoretically,  that  the 
generation  of  gas,  (which  he  inadvertently  calls  smoke,)  would 
‘‘  come  gradually  to  an  end  at  the  expiration  of  eight  minutes  f 
from  a charge  which  would  take  sixteen  minutes  for  its  com- 
pletion. If,  indeed,  that  really  were  the  case,  then  this  action 
of  his  valve  ‘‘  gradually  closing  at  the  end  of  eight  minutes,” 
would  produce  perfect  harmony  between  the  supply  of  air  and 
the  requirements  of  the  fuel. 

The  Reports  already  given  by  Sir  Robert  Kane  and  Dr. 
Brett,  Mr.  Parkes,  Mr.  Houlds worth,  and  Mr.  Fairbairn,  being 
all  in  direct  disproof  of  the  above,  render  any  further  remark 
here  unnecessary,  except  to  notice  the  important  difference 
thus  established  between  theory  and  practice ; and  the  absolute 
necessity  of  proof, — not  by  the  fallacious  test  of  the  appearance 
or  non-appearance  of  smoke,  but  by  ascertaining  the  tempe- 
rature in  the  flue,  by  the  pyrometer,  from  the  beginning  to  the 
end  of  a charge, — and  the  length,  character,  and  colour  of  the 
flame,  by  actual  observation. 

Mr.  Prideaux  proceeds : — The  door  of  the  furnace  should 
be  double,  and  the  air  should  pass  into  the  furnace  through  a 
series  of  perforations'^  By  this  arrangement,  he  observes, 

three  important  points  are  secured  ; 1st,  the  heating  the  air  ; 
2ndly,  the  keeping  the  outer  door  of  the  furnace  comparatively 
cool;  Srdly,  its  subdivision  into  minute  jets." 

A few  words  on  each  of  these  three  points  will  here  suffice. 
1st,  Of  '^‘heating  the  air."  As  Mr.  Prideaux  takes  in  the  air, 
as  all  others  do,  at  mere  atmospheric  temperature,  his  claim 
for  “heating  the  air”  goes  for  nothing.  Whatever  heat  it 
acquires  (and  which  has  been  ascertained  to  be  wholly  insig- 
nificant) can  alone  be  obtained  by  passing  through  the  per- 
forations in  the  door  plate,  as  it  does  in  the  numerous  plans 

occupies  eight  minutes,  at  four  minutes  after  coaling,  the  valve  is  half  shut, 
consequently  admitting  at  the  rate  of  only  60  measures  of  air  per  minute, 
and  the  whole  amount  of  air  admitted  in  the  eight  minutes  during  which  the 
valve  is  open,  wUl  be  400  measures  ; and  this  quantity,  supplied  in  a gradu- 
ally diminishing  manner,  in  harmony  loith  the  gradually  diminishing  require- 
ments of  the  fuel,  is  found  sufficient  to  prevent  all  smoke.” 
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hereafter  described.  [Mr.  Prideaux’s  own  authority  will  here- 
after be  quoted  in  proof  of  the  fallacy  of  the  hot-air  theory.] 

2ndly,  As  to  ^^hee^nng  the  outer  door  of  the  furnace  comparatively 
cool.”  This  is  too  unimportant  a circumstance  to  require  fur- 
ther notice. 

3rdly,  As  to  passing  the  air  “ through  a series  of  perforations., 
and  its  subdivision  into  minute  jets ; ” it  is  only  necessary  to 
add,  that  it  is  a satisfactory  illustration  of  the  principle  of  the 
Argand  furnace,  and  of  the  correct  practice  enforced  in  every 
page  of  this  treatise.  Mr.  Prideaux  has,  however,  omitted  to 
state  that  fact,  or  to  disclaim  any  merit  or  originality  in  this, 
the  only  useful  part  of  his  patent  for  “ the  preventing  of  smoke  and 
economizing  the  fueV* 

Impressed  with  the  importance  of  the  small  jet  system,  Mr. 
Prideaux  further  adds,  An  attempt  is  often  made  to  mitigate 
the  smoke  and  imperfect  combustion,  by  leaving  the  furnace  door 
ajar  for  a certain  period  after  the  addition  of  fresh  fuel.”  To 
this  he  correctly  objects,  on  the  ground  that  the  air  then 

enters  en  masse  f instead  of  in  small  jets. Numerous  other 
illustrations  might  here  be  given  as  to  the  efficiency  of  the 

subdivision  into  minute  jets.”  Mr.  Prideaux’s  evidence  in  cor- 
roboration, is,  however,  important,  although  it  lays  him  open  to 
the  charge  of  assuming  to  be  the  inventor,  or  original  patentee, 
of  what  had  long  been  so  well  established.* 

* It  is  here  scarcely  necessary  to  say,  that  had  this  plan,  with  this  de- 
scription hy  the  patentee  himself,  been  brought  out  twelve  months  earlier, 
that  is,  before  the  expiration  of  the  patent  for  the  Argand  furnace,  it  could 
not  have  stood  the  test  of  a jury,  so  identical  is  the  application  and  de- 
scription : — “ The  series  of  perforations,  and  the  subdivision  of  the  air  into 
minute jets^^  being  equally  applicable  to  both  patents,  and  conveying,  in  the 
most  appropriate  terms,  the  very  principle  and  mode  of  applying  the  Argand 
furnace.  In  fact,  the  accurate  description  given  by  Dr.  Dre,  (who  himself 
settled  the  terms  of  the  specification,)  furnishes  conclusive  evidence  of  the 
identity  of  the  two  plans.  Dr.  Ure  (Dictionary  of  Arts)  observes,  “The 
patent  of  1839  consists  in  the  introduction  of  the  an*  tlirough  a number  of 
small  orifices,  the  operation  of  the  air  entering  in  small  jets  into  the  half- 
burned  hydro-carburetted  gases  over  the  fires,  is  their  perfect  oxygenation.” 
“ Again,  one  of  the  many  methods  in  which  Mr.  Williams  has  carried  out  the 
principles  of  what  he  justly  calls  his  Argand  furnace,  is  represented  in  the 
figure.”  (which  he  gives.)  “The  box  is, perforated  either  with  round  or 
oblong  omfices,  &c.”  “ In  some  cases  the  fire-door  projects,  with  an  inter- 

mediate space,  into  which  the  air  may  be  admitted,  in  regulated  quantity, 
through  a movable  valve  in  the  door.'' 
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With  reference  to  the  progressive  rate  of  generation  of  the 
gas  in  a furnace,  and  the  consequent  demand  for  atmospheric 
air,  the  length  of  the  flame  (when  the  air  is  properly  supplied) 
furnishes  the  best  evidence.  The  following  tabular  view  of 
the  result  of  numerous  accurate  experiments,  made  many 
years  back,  and  expressly  to  ascertain  the  rate  of  evolution  of  the 
gases,  throughout  a charge  of  40  minutes  duration,  is  con- 
clusive. 

rp-  Thermometric  Length  of 

Temperature  in  Flues.  Flame  in  Feet. 


Charge  made 

• 

466 

10 

2 minutes 

462 

14 

4 

490 

18 

6 

508 

22 

8 

5? 

518 

26 

10 

524 

26 

12 

• 

528 

28 

14 

35 

534 

28 

16 

33 

540 

28 

18 

33  • 

540 

28 

20 

33 

540 

26 

22 

33 

536 

24 

24 

33 

524 

24 

26 

• 

33 

508 

22 

28 

35 

494 

22 

30 

33 

486 

18 

32 

33 

476 

22 

34 

33  • 

468 

14 

36 

33  • 

464 

14 

38 

33  • 

460 

12 

40 

33  • 

460 

10* 

W e here  see,  that  so  far  from  the  quantity  of  gas  generated 

* The  thermometer  bulb  was  here  inserted  in  the  flue,  so  far  as  to  prevent 
the  mercury  rising  above  600° — the  highest  range  we  see  being  640° — when 
the  charge  was  half  expended.  The  absolute  heat  in  the  flue  was,  however, 
considerably  higher,  as  ascertained  by  the  melting  points  of  a series  of  metallic 
alloys,  prepared  by  Sir  Robert  Kane,  expressly  for  the  purpose.  By  these,  in- 
serted in  the  flue,  it  was  found  that  the  absolute  heat  escaping  at  the  foot 
of  the  funnel,  was  at  least  750". 
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being  greatest  at  firsts  and  ceasing  when  the  charge  was  one 
half  exhausted,  it  is  just  the  reverse.  In  fact,  any  one  who 
has  observed  the  indications  of  the  pyrometer  in  the  flue,  and 
has  looked  into  a furnace  in  action,  must  have  observed,  that, 
there  being  much  moisture  in  the  coal  to  be  evaporated,  it  re- 
quired a considerable  time  before  the  full  supply  of  gas  was 
produced,  and  the  temperature  in  the  flue  had  risen  to  the  maxi- 
mum. Further,  that  when  the  first  half  of  the  charge  was 
exhausted,  the  greatest  quantity  of  gas  was  then  momentarily 
evolved; — the  longest  flame  existing  in  the  flue; — and  the 
highest  temperature  indicated  by  the  pyrometer  ; consequently, 
the  fullest  supply  of  air  was  then  required. 

The  following  experiment  is  also  in  point  here.  This  was 
made  with  a larger  charge  of  coal,  and  during  60  minutes,  (the 
bars  being  kept  well  covered,)  the  object  being  to  ascertain  the 
relative  quantity  of  each  hind  of  gas  evolved ; and  thus  form  a 
guide  to  the  quantity  of  air  required,  at  the  several  intervals, 
from  the  beginning  to  the  end  of  a charge.  [The  observations 
were  taken  from  two  sight-apertures  : one  at  the  back  end  of 
the  boiler,  and  the  other  at  the  front,  looking  into  the  flue.,] 
When  the  supply  of  carburetted  hydrogen  gas  was  nearly  ex- 
hausted, the  distinct  flames,  and  their  two  distinct  colours  and 
characteristics,  might  clearly  be  distinguisbed.  The  following 
Table  will  present  a view  of  the  relative  quantities  of  the  two 
gases  (carbonic  acid  and  carbonic  oxide,  or  coke  gas)  produced 
during  the  progress. 


Time  in  minutes. 

Coal  Gas. 

Coke  Gas. 

Total  length  of 
flame  in  feet. 

Charge  of  coal  . 

. none  . . 

. 10  . 

. . 10 

5 minutes  . . 

. 10  . . 

. none 

. . 10 

10  „ 

. 14  . . 

. none 

. . 14 

15  „ 

. 18  . . 

. none 

. . 18 

20  „ 

. 22  . . 

. none 

. . 22 

25  „ 

. 22  . . 

. none 

. . 22 

30  „ 

. 18  . . 

. none 

. . 18 

35  „ 

. 14  . . 

. none 

. . 14 

40  „ 

. 10  . . 

. 4 . 

. . 14 
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Time  iu  minutes. 

Coal  Gas. 

Coke  Gas. 

Total  length  o 
flame  in  feet. 

45  minutes  . 

. . 5 . . 

. 8 . 

. . 13 

50  ,, 

. none  . . 

. 12  . 

. . 12 

55  „ 

. . none  . . 

. 10  . 

. . 10 

60  „ 

. . none  . 

. 10  . 

. . 10 

Here  column  4 may  be  taken  as  indicating  the  gross  quantities 
of  combustible  gases  evolved,  and  requiring  a supply  of  air. 
In  numerous  other  furnaces,  in  which  the  air  was  properly 
introduced,  and  the  fuel  properly  covering  the  bars,  the  flame 
was  seen  during  a large  portion  of  an  hour’s  charge,  extending 
along  the  side  flues  from  twenty  to  thirty  feet.  The  quantity 
of  the  coke  gas  will  be  in  proportion  to  the  thickness  or  body  of 
the  fuel,  and  its  state  of  incandescence. 

With  the  view  of  accommodating  the  supply  of  fuel  to  the 
demand  for  air,  the  best  practical  mode  is  the  equalizing  the  quan- 
tity of  gas  requiring  such  swpply.  This  was  done  effectually 
thirty  years  back,  by  arranging  the  furnaces  so  that  each  pair 
shall  be  connected  with  one  common  flue.  This  arrangement, 
for  alternate  firing,  adopted  among  others  in  the  steamer  Royal 
William^^  (as  hereafter  shewn,)  is  every  way  satisfactory.  A 
similar  arrangement  has  been  introduced  in  Her  Majesty’s 
Steamers  Hermes^''  Spitfire f and  Firefly  f as  described 

in  Tredgold’s  work ; nothing,  however,  is  there  shewn  as  to  the 
means  for  introducing  the  air,  and,  consequently,  the  value  of 
this  flue  arrangement  is  lost. 

Fig.  37. 
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Fig.  37,  taken  from  Pcclet’s  work,  shews  a similar  mode 
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adopted  in  France,  for  equalizing  the  supply  and  demand  of  gas 
and  air.  It  will  be  manifest  that,  assuming  the  furnaces  to  be 
charged  alternately,  the  quantity  of  gas  behind  the  bridge  will 
be  the  mean  of  that  generated  in  both  furnaces. 

Another  and  a very  effectual  mode  of  equalizing  the  supply 
of  gas,  and  thus  practically  equalizing  the  supply  of  air,  is  by 
charging  the  furnace-grate  alternately,  first  on  the  one  side,  atid 
then  on  the  other.  Where  the  furnace  is  wide  enough,  this  is 
very  effective. 

The  result  of  this  inquiry  into  the  policy  of  attempting,  by 
mechanical  means,  to  regulate  the  rate  of  supply  of  air  to  the 
gas  during  the  continuance  of  each  charge  is,  that  it  can  be 
productive  of  no  practical  value ; and  the  more  so,  since,  as 
observed  by  Mr.  Parkes,  that  as  a stream  of  either  carhuretted 
hydrogen,  or  carbonic  oxide  gas  will,  at  all  times,  be  generated, 
and  passing  over,  there  must  necessarily  be  a corresponding 
demand  for  air.” 

In  the  report  to  the  British  Association,  on  this  very  point, 
Mr.  Houldsworth  observes,  It  has  been  generally  supposed^ 
that  when  there  was  a perfectly  red  fire  in  the  furnace,  and 
when  no  smoke  was  generated,  the  admission  of  cold  air  at  the 
bridge  would  do  harm  instead  of  good,  by  reducing  the  temper- 
ature in  the  flues.  He  had,  however,  tried  the  experiment  that 
morning.  After  having  the  air  passages  closed  for  some  time, 
he  had  opened  them  when  the  coals  in  the  fire  were  perfectly 
charred,  and  found  an  immediate  and  decided  increase  of  temper- 
ature in  the  flue.  The  increasing  temperature  was  certainly  the 
most  striking,  if  the  air  passages  were  opened  shortly  after  a 
large  quantity  of  fresh  fuel  had  been  put  on ; but,  at  all  thnes 
he  found  there  was  an  increase  when  the  air  was  admitted,  and  a 
decrease  when  it  loas  excluded^"* 

Practical  proof  of  this  kind  at  once  puts  an  end  to  the  theory 
of  self-regulating  valves. 


CHAPTER  VI. 


OF  THE  PLACE  MOST  SUITABLE  FOR  INTRODUCING 
THE  AIR  TO  THE  GAS  IN  A FURNACE. 

Having  spoken  of  the  necessity  of  mechanical  aid  in  producing 
a sufficiently  rapid  admixture  of  the  air  and  the  gas,  we  have 
now  to  consider  of  the  place  best  adapted  for  applying  this  aid. 

As  regards  the  carbon  on  the  bars,  it  is  manifest  that  no  other 
place  could  be  selected  than  directly  from  the  ash-pit.  That 
this  is  not  available  for  introducing  the  air  to  the  gaseous  pro- 
duct of  the  coal,  has  now  to  be  considered. 

Tredgold  contemplated  introducing  the  entire  supply  of  air 
through  the  ash-pit  and  bars,  observing  that,  ‘‘  the  gas  which 
distils  from  the  fresh  fuel  having  to  pass  over  the  red  hot 
embers,  through  which  the  air  in  the  ash-pit  ascends,  will  be 
inflamed.”  Here  we  have  the  old  error,  viz.,  supposing  that 
passing  the  gas  over  red-hot  fuel  woiild  effect  its  combustion. 

The  plan  adopted  by  Mr.  Parkes  of  Introducing  the  air  through 
what  is  called  the  split  bridge,  as  hereafter  shewn,  appears  to 
have  been  among  the  first  which  recognized  the  providing  a 
separate  supply  of  air  to  the  furnace  gases,  independently  of  that 
which  passed  through  the  fuel  on  the  bars. 

This  plan  was  sufficiently  effective,  when  combined  with  the 
system  of  small  furnaces,  with  small  charges  of  coal ; or  large 
furnaces  when  charged  heavily,  with  sufficient  fuel  for  many 
hours  consumption,  producing  a uniform  generation  of  gas 
during  a long  interval,  and  by  the  means  of  slow  combustion. 
The  issue  of  the  air  through  the  narrow  orifice  in  the  top  of  the 
bridge,  was,  however,  found  to  be  unsulted  to  the  large  furnaces, 
with  quick  combustion,  and  heavy  charges  incidental  to  the 
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boilers  used  in  steam-vessels.  It  was  also  liable  to  be  occasion- 
ally obstructed  by  the  stronger  current  of  heated  products 
crossing  the  aperture,  in  the  same  way  as  the  ascent  of  smoke 
from  a house-chimney  is  obstructed  by  a strong  wind  sweeping 
over  it.  Numerous  modifications  of  this  plan  were  adopted  in 
steam-vessels,  the  most  important  of  which  will  hereafter  be 
given,  with  the  view  of  explaining  the  several  causes  of  their 
failure,  and  which  it  is  often  as  important  to  know  as  those  of 
success. 

When  the  chemistry  of  combustion  in  furnaces  was  examined 
in  1841,  in  the  first  part  of  this  treatise,  it  was  shewn  that  the 
required  quantity  of  air  was  much  greater  than  had  been  con- 
templated by  practical  men,  or  stated  by  any  writer  on  the 
subject;  and  that  no  single  orifice  could  be  sufficient  for  the 
admission  of  that  quantity,  unless  by  introducing  it  in  such 
volume  as  would  produce  a chilling  effect  on  the  flame,  and  a 
diminished  amount  of  evaporative  duty — a fact  strangely  over- 
looked in  all  previous  practice. 

The  arrangement  subsequently  adopted  in  several  vessels  of 
the  Dublin  Steam  Company  admitted  the  air  through  numerous 
apertures,  and  in  a divided  state.  This  mode,  which  has  been 
clearly  described  by  Dr.  Ure  in  his  Dictionary  of  Arts  under 
the  head  of  Smoke  Nuisance,”*  was  always  effective  when 
the  draught  was  sufficient  for  the  double  supply  of  air,  to  the 
fuel  in  the  bars,  and  the  gas  in  the  furnace  chamber.  The 
difference  which  attends  its  application  was  often  considerable, 
and  arose  from  the  want  of  draught,  or  from  the  perverse  adhe- 

* “ Smoke  Nuisance.  Among  the  fifty  several  inventions  which  have  been 
patented  for  effecting  this  purpose,  with  regard  to  steam-boiler  and  other 
large  furnaces,  very  few  are  sufficiently  economical  or  effective.  The  first 
person  who  investigated  this  subject  in  a truly  philosophical  manner  was 
Mr.  Charles  Wye  Williams,  managing  director  of  the  Dublin  and  Liverpool 
Steam  Navigation  Company,  and  he  also  has  had  the  merit  of  constructing 
many  furnaces,  both  for  marine  and  land  steam-engines,  which  tlioroughly 
prevent  the  production  of  smoke,  with  increased  energy  of  combustion,  and 
a more  or  less  considerable  saving  of  fuel,  according  to  the  care  of  the  stoker. 
The  specific  invention,  for  which  he  obtained  a patent  in  1839,  consists  in  the 
introduction  of  a proper  quantity  of  atmospheric  air  to  the  bridges  and  flame- 
beds  of  the  furnaces  through  a great  number  of  small  orifices,  connected 
witli  a common  pipe  or  canal,  wliose  area  can  be  increased  or  diminished, 


89 


rence  to  the  old  and  lazy  method  of  charging  the  front  half  of 
the  furnaces  heavily,  even  to  the  doors,  while  leaving  much  of 
the  bridge  end  but  thinly  covered,  as  hereafter  will  be  shewn. 

according  as  the  circumstances  of  complete  combustion  may  require,  by  means 
of  an  external  valve.  The  operation  of  air  thus  entering  in  small  jets  into 

Fig.  38. 
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the  half-burned  hydro- carburetted  gases  over  the  fires,  and  in  the  first  flue, 
is  their  perfect  oxygenation — the  development  of  all  the  heat  which  that  can 
produce,  and  the  entire  prevention  of  smo^e.  One  of  the  many  ingenious 
methods  in  which  Mr.  Williams  has  carried  out  the  principles  of  what  he 
justly  calls  his  Argand  furnace,  is  represented  at  fig.  1310,  where  a is  the 
ash-pit  of  a steam-boiler  furnace ; b is  the  mouth  of  a tube  which  admits  the 
external  air  into  the  chamber,  or  iron  box  of  distribution  c,  placed  imme- 
diately beyond  the  fire-bridge  g,  and  before  the  difiusion,  or  mixing  chamber 
f.  The  front  of  the  box  is  perforated  either  with  round  or  oblong  orifices, 
as  shewn  in  the  two  small  figures  e e beneath  ; d is  the  fire-door,  which  may 
have  its  fire-brick  lining  also  perforated.  In  some  cases  the  fire-doorprojects 
in  front,  and  it,  as  well  as  the  sides  and  arched  top  of  the  fire-place,  are  con- 
structed of  perforated  fire-tiles,  enclosed  in  common  brickwork,  with  an  inter- 
mediate space,  into  which  the  air  may  be  admitted  in  regulated  quantity 
^ tlirough  a movable  valve  in  the  door.  I have  seen  a fire-place  of  this  latter 
construction  performing  admirably,  without  smoke,  with  an  economy  of  one- 
seventh  of  the  coals  formerly  consumed  in  producing  a like  amount  of  steam 
from  an  ordinary  furnace.  Very  ample  evidence  was  presented  in  a late 
session  to  the  Smoke  Prevention  Committee  of  the  House  of  Commons  (July 
1843)  of  the  successful  application  of  Mr.  Williams’s  patent  invention  to 
many  furnaces  of  the  largest  dimensions,  more  especially  by  Mr.  Henry 
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Such  a inode  of  charging  the  furnaces,  necessarily  caused  an 
irregular  combustion  of  the  fuel,  and  a consequent  excessive 
admission  of  air,  counteracting  all  effects  at  appropriating 
separate  supplies  to  the  coke  and  the  gas. 

The  introducing  the  air  to  land  boilers,  in  numerous  films,  or 
divided  portions,  was  first  practically  adopted  in  1841,  at 
numerous  furnaces  in  Manchester,*  and  at  the  water-works  in 

Houldsworth,  of  Manchester,  who,  mounting  in  the  first  flue  a pyrometrical 
rod,  which  acted  on  an  external  dial-index,  succeeded  in  observing  every 
variation  of  temperature  produced  by  varying  the  introduction  of  the  air-jets 
into  the  mass  of  ignited  gases  passing  out  of  the  furnace.  He  thereby 
demonstrated  that  20  per  cent,  more  heat  could  be  easily  obtained  from  the 
fuel  when  Mr.  Williams’s  plan  was  in  operation,  than  when  the  fire  was  left 
to  burn  in  the  usual  way,  and  with  the  production  of  the  usual  volumes  of 
smoke.  It  is  to  he  hoped  that  a law  will  he  enacted  in  the  present  session  of 
Parliament,  for  the  suppression,  or  at  least  abatement,  of  this  nuisance, 
which  so  greatly  disfigures  and  pollutes  many  parts  of  London,  as  well  as  all 
our  manufacturing  towns,  while  it  acts  injuriously  on  animal  and  vegetable 
life.  Much  praise  is  due  to  Mr.  Williams  for  his  indefatigable  and  disin- 
terested labours  in  this  difiicnlt  enterprise,  and  for  his  forbearance  under  much 
unmerited  obloquy  from  narrow-minded  prejudice  and  indocile  ignorance.” 

It  is  here  worthy  of  notice,  that  although  the  above  was  written  and  pub- 
lished by  Dr.  Ure  so  many  years  back,  it  is  now  only  in  1854  that  Parliament 
have  interposed  in  the  manner  there  suggested. 

* It  was  one  of  these  furnaces  that  was  examined  by  the  Earl  of  Ellesmere 
(then  Lord  Francis  Egerton),  and  which  induced  his  Lordship  to  write  the 
following  letter : — 

“ Worsley,  November  22,  1841. 

“Sib, — Having  this  morning  inspected  the  invention  for  the  prevention 
of  smoke,  of  which  Mr.  Charles  Wye  Williams  is  the  patentee  and  yourself 
the  agent,  I am  anxious  to  bear  my  testimony  to  its  very  palpable  success  in 
the  attainment  of  its  main  object.  How  far  its  secondary  and  collateral  pur- 
pose of  saving  fuel  may  be  effected,  and  whether  it  can  be  attained  to  the  full 
extent  of  covering  the  outlay  of  construction,  and  the  fair  remuneration  of 
the  patentee,  is  a subject  on  which,  as  an  unscientific  observer,  I can  offer  no 
opinion.  I can  see  no  reason  to  presume,  that,  in  this  respect,  it  will  be  found 
at  all  deficient ; and,  in  its  application  to  steam-vessels,  I think  it  probable, 
that  its  advantages  may  be  found  of  the  utmost  importance.  I do  not  think 
that  science  is  necessary  towards  enabling  an  ordinary  observer  to  form  a 
decided  opinion  on  its  merits  in  the  prevention  of  a nuisance  to  the  neigh- 
bourhood of  our  numerous  factoi-y  chimneys.  Its  success  in  the  case  of 
the  chimney  opposite  your  experimental  furnace  is  evident  and  incontro- 
vertible. If  it  be  not  worth  the  while  of  the  owner  of  a chimney  to  apply 
the  inventions,  I am  sure  it  would  be  worth  the  while  of  his  neighbours 
to  subscribe  for  the  purpose.  I do  not  suppose  that  any  one  would  be 
rash  enough  to  take  my  evidence  for  luoof  on  such  a subject ; but  it  is 
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Liverpool,  and  at  the  stationary  engine  of  the  Liverpool  and 
Manchester  Railway,  under  the  direction  of  the  engineer, 
Mr.  John  Dewrance.  That  at  the  water- works,  with  a shaft 
of  150  feet  high,  had  previously  caused  an  intolerable  nuisance ; 
both,  however,  have  since  remained  unnoticed  and  forgotten, 
even  by  the  authorities  in  Liverpool,  apparently  from  the  mere 
circumstance  of  the  nuisance  having  been  effectually  abated, 
and  attention  being  no  longer  drawn  to  it. 

With  reference  to  the  place  for  the  admission  of  the  air,  it  is 
here  stated,  advisedly,  and  after  much  experience,  that  it  is  a 
matter  of  perfect  indifference  as  to  effect^  in  what  part  of  the  furnace 
or  flue  it  is  introduced^  provided  this  all-important  condition  he 
attended  to,  namely,  that  the  mechanical  mixture  of  the  air  and  gas 
he  continuously  effected,  before  the  temperature  of  the  carhon  of  the 
gas  (then  in  the  state  of  flame^  he  reduced  helow  that  of  ignition. 
This  temperature,  according  to  Sir  Humphry  Davy,  should 
not  be  under  800°  Fahr.,  since,  below  that,  flame  cannot  be 
produced  or  sustained.  This,  in  fact,  is  the  basis  of  protection 
in  the  Miner’s  Safety  Lamp.  In  practice,  the  air  has  been 
introduced  at  all  parts  of  the  furnace,  and  with  equally  good  effect. 
Its  admission  through  a plate  distributor,  at  the  back  of  the 
bridge,  and  at  the  door  end,  eflected  all  that  could  be  desired. 

The  adoption  during  the  last  few  years  of  the  tubular  system  in 
marine  boilers,  is  now  to  be  noticed.  Inasmuch  as  it  rendered  a 
different  arrangement  absolutely  necessary. 

The  chief  characteristic  of  the  tubular  boiler  is  the  shortness 
of  the  distance,  or  run,  between  the  furnace  and  the  tubes.  The 


possible  that  parties  interested  in  it  may  follow  ray  example  in  judging 
for  themselves  by  inspection.  * * ♦ * j have  some  doubts  whether 
economy  of  fuel  Avill  weigh  as  much  as  I think  it  ought  with  the  inha- 
bitants of  Lancashire.  We  are,  at  present,  rich  and  wasteful;  but  in 
London,  Cornwall,  and  other  districts,  this  feature  of  the  invention,  if  duly 
established  on  experience,  must  be  of  great  importance — in  steam  naviga- 
tion, perhaps,  of  still  greater.  As  a coal  proprietor,  it  is  not  my  business 
to  mention  it  at  all;  but  I do  not  believe,  that  what  tends  to  benefit  the 
manufacturer  will,  in  the  long  run,  diminish  the  consumption  of  coal. 

“ I am,  Sir,  yours  very  truly,  F.  EGERTON. 

“ Mr.  H.  Dircks, 

“ Messrs.  Dircks  and  Co.,  3,  Town-hall  buildings,  Manclicster.” 
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result  is,  the  impossibility  of  effecting  the  triple  duty  of  gener- 
ating the  gas,  mixing  it  with  the  air,  and  completing  tlie  com- 
bustion within  the  few  feet,  and  the  fraction  of  a second  of  time, 
which  are  there  available.  To  obtain  the  desired  effect,  the  air 
was  then  introduced  at  the  door  end  of  the  furnace ; thus,  as  it 
were,  adding  the  length  of  the  furnace  to  the  length  of  the  run. 

The  main  object  being  the  introducing  the  air  in  a divided 
state, to  the  gaseous  atmosphere  of  the  furnace  chamber,  the 
following  experiment  was  made: — The  centre  bar  of  a boiler, 
four  feet  long,  was  taken  out,  and  over  the  vacant  space  an  iron 
plate  was  introduced,  bent  in  the  form  as  shewn  in  Fig.  39. 

Here,  the  upper  portion  of  the  bent  plate,  projecting  three 
inches  above  the  fuel,  was  punched  with  five  rows  of  half-inch 
holes,  through  which  the  air  issued  in  56  streams.  Adequate 
mixture  was  thus  instantly  obtained,  as  in  the  Argand  gas- 
burner;  the  appearance  as  viewed  through  the  sight-holes  at 
the  end  of  the  boilers,  being  even  brilliant,  and  as  if  streams  of 
flame,  instead  of  streams  of  air,  had  issued  from  the  numerous 
orifices.  It  is  needless  to  add,  that  nowhere  could  a cooling 
effect  be  produced,  notwithstanding  the  great  volume  of  air  so 
introduced. 

The  sectional  view  of  the  furnace,  looked  at  from  behind^ 
as  in  Fig.  40,  represents  the  character  and  diffusive  action  of 
the  flame. 


Fig.  39. 
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Fig.  40. 


This  led  to  the  enlarging  the  door-end  of  the  furnaces  suf- 
ficiently to  admit  the  required  number  of  apertures  and  full 
supply  of  air ; an  arrangement  which  has  been  for  years  in  suc- 
cessful operation,  both  in  marine  and  land  boilers. 

In  practice,  the  great  difficulty  lay  in  adapting  the  plan  to 
marine  boilers,  the  doorways  of  which  are  made  so  contracted, 
as  to  render  it  impossible  to  introduce  the  required  number  of 
half-inch  orifices,  as  hereafter  will  be  shewn. 

Before  examining  the  respective  .merits  of  the  plans  here 
referred  to,  it  will  be  advisable  to  notice  one  of  the  causes  of 
derangement,  and  from  which  many,  though  sound  in  principle, 
were  rendered  inefficient  in  practice. 

On  looking  into  the  flues  of  land  boilers,  through  suitably- 
placed  sight-holes,  when  the  furnace  is  in  full  action,  numerous 
brilliant  sparks  may  be  seen,  carried  through  the  flues  with 
great  rapidity,  to  the  distance  of  ten  to  twenty  feet  before  their 
luminous  character  is  lost,  and  they  become  deposited  in  the 
tubes,  or  flues,  or  wherever  eddies  are  formed.  These  sparks 
consist,  chiefly,  of  particles  of  sand  in  a state  of  fusion.  When 
these  do  not  thus  separate  from  the  coal,  they  fall  on  the  bars, 
and,  combining  with  the  ashes,  form  clinkers.  These  particles 
of  sand,  flying  off  at  a high  temperature,  adhere  to  whatever 
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they  touch ; and,  with  the  dust,  and  small  particles  of  cinders 
or  coke,  carried  onward  by  the  current,  fill  up  the  orifices  in 
the  air  distributor  boxes,  and,  if  not  removed,  prevent  the  pas- 
sage of  the  required  quantity  of  air. 

It  is  now  proposed  to  give  instances  of  such  of  the  modes  of 
constructing  furnaces  as  have  been  hitherto  adopted,  and  which 
illustrate  any  principle,  or  peculiar  mode  of  action,  worthy 
of  notice. 


CHAPTER  VII. 


OF  VARIOUS  FURNACE  ARRANGEMENTS,  WITH 
OBSERVATIONS  THEREON. 

The  following  remarks  on  the  peculiarities  of  the  several  plans 
of  furnaces  here  shewn,  are  the  results  of  practical  observations 
extended  over  a series  of  years,  and  may  here  be  useful,  as  in- 
dicating what  should  be  avoided,  as  well  as  provided,  respecting 
the  admission  of  air. 


Fig.  41. 


Fig.  41  represents  one  of  the  modes  first  adopted,  under 
the  patent  for  the  Argand  furnace  of  1839  ; introducing  the 
air  in  numerous  jets.  This  was  applicable  to  land  boilers, 
where  ample  space  was  afforded  for  the  perforated  tubes,  made 
of  fire  clay,  or  cast  iron  ; and  was  first  adopted  at  the  water- 
works in  Liverpool.  In  this  application,  the  inconvenience 
arising  from  the  sand  and  other  matters  in  an  incandescent 


9G 


state,  adhering,  and  closing  the  orifices,  was  considerable.  The 
plan,  as  already  noticed,  (from  Dr.  lire’s  Dictionary,)  was  then 
substituted,  and  has  continued  ever  since  in  active  operation  at 
those  works. 

The  following  are  principally  connected  with  marine  boilers  : 


Fig.  42. 


Fig.  42  represents  the  ordinary  marine  furnace.  No  pro- 
vision whatever  is  here  made  for  the  admission  of  air,  except 
from  the  ash-pit,  and  through  the  bars,  and  fuel  on  them.  It  is 
needless  to  add,  that,  from  the  absence  of  air  to  the  gas,  a large 
. volume  of  smoke  must  here  necessarily  be  produced. 


Fig.  43. 


Fig.  43.  Parkes’  Split  Bridge.  This  plan,  patented  in 
1820,  was  effective  when  the  consumption  of  coal,  and  the  ge- 
neration of  gas,  were  small  and  uniform ; or  when  the  furnace 
was  large,  and  heavily  charged,  to  last  for  six  or  eight  hours, 
with  slow  combustion.  The  generation  of  the  gas  being  uni- 
form, and  the  demand  for  air  moderate,  the  supply  through  the 
narrow  orifice  in  the  bridge  was  sufficient.  This  plan  has 
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formed  the  basis  of  several  re-inventions ; the  Patentees  either 
not  being  aware  of  it,  or  not  acknowledging  the  source  of  the 
effect  for  which  they  took  credit. 


Fig.  44. 


Fig.  44.  This  adaptation  of  the  Split  Bridge  in  marine 
boilers  was  early  made,  by  the  then  Engineer  of  the  Dublin 
Steam  Company,  to  avoid  the  collection  of  ashes  in  the  lower 
shelf  of  the  air  orifice,  and  by  which  the  passage  of  the  air  was 
obstructed.  The  furnaces  being  charged  at  short  intervals, 
and  the  combustion  rapid,  the  supply  of  air  was  insufiScient. 
The  aperture  at  the  top  of  the  bridge  was  liable  to  be  choked 
with  ashes  and  small  coals,  occasionally  thrown  over. 


Fig.  45. 


' Fig.  45.  This  change  was  not  found  effective.  The  se- 
cond opening  for  the  admission  of  air,  at  the  end  of  the  bars, 
was  quite  irregular  in  its  action.  It  was  also  found  to  interfere 
with  the  action  in  the  split  bridge  ; the  air  preferring,  at  cer- 
tain states  of  the  fuel,  to  enter  by  the  open  space  at  the  end  of 

7 


98 


the  bars,  as  the  nearest  and  hottest  course,  wlienever  that 
place  was  uncovered. 


Fig.  4G. 


Fig.  46.  This  was  adopted  in  a steamer  of  large  power, 
and  was  intended  to  remedy  the  evil  as  stated  in  the  last 
figure.  The  aperture  being  made  larger,  the  air  entered 
too  much  in  a mass,  and  produced  a cooling  effect ; and  much 
fuel  was  also  wasted  by  falling  through  into  the  ash-pit.  This 
was  subsequently  altered  to  the  plan  hereafter  shewn  in 
Fig.  51 ; the  bars  being  reduced  from  7 feet  6 inches,  to  6 feet, 
and  with  good  effect. 

Fig.  47. 


Fig.  47.  This  arrangement  remedied  that  of  the  pre- 
ceding, by  saving  the  fuel  thrown  to  the  end ; and  which, 
falling  on  the  small  supplemental  grate,  was  there  consumed. 
In  practice,  however,  it  was  less  effective  as  to  generating 
steam,  and  irregular  in  its  action,  and  was  very  destructive  of 
the  bars. 
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Fig.  48. 


Fio*.  48.  This  plan,  adopted  in  1840,  was  one  of  the 
first  applied  to  marine  boilers,  on  the  principle  of  the  Argand 
furnace,  by  which  the  air  was  made  to  enter  in  divided  streams, 
through  the  apertures  in  an  eight-inch  tube,  from  behind  the 
boiler.  This  plan  was  fully  effective  so  long  as  the  perforations 
in  the  tube  remained  open.  The  small  orifices,  each  but  a 
quarter  of  an  inch,  however,  becoming  covered,  and  closed  by 
the  sand  and  ashes,  the  supply  of  air  was  consequently  di- 
minished, and  the  tube  became  heated  and  destroyed. 


Fig.  49. 


Fig.  49.  This  plan,  adopted  in  the  steamer,  the  Leeds 
was  very  effective  so  long  as  the  inclined  plate  and  its  nu- 
merous orifices  remained  perfect.  As,  however,  it  also  became 
clogged,  or  covered  with  coal,  thrown  over  during  charging, 
it  warped,  and  became  injured. 
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Fig.  50. 


Fig.  50.  This  alteration  was  made  in  the  same  boiler,  to 
counteract  the  evil  above-mentioned.  The  bars  were  shortened 
from  6 feet  to  4 feet  6 inches.  The  air  was  here  introduced 
through  a plate  pierced  with  half-inch  holes.  This  was  quite 
successful : ignition  and  combustion  were  complete ; no  smoke 
formed,  and  the  diminished  combustion  of  fuel  was  considerable. 
The  box,  however,  set  in  the  bridge,  was  too  small,  and  there- 
fore liable  to  become  filled  by  the  ashes  carried  in  by  the  cur- 
rent from  the  ash-pit ; and  the  stokers  neglecting  to  keep  the 
air-apertures  free,  there  was  no  dependence  on  its  action. 


Fig.  51. 


Fig.  51.  This  arrangement,  which  remedied  the  above 
defects,  was  adopted  in  the  steamer,  the  “ Princess,^  and  also 
in  the  “ Oriental  ” and  Hindostany'  employed  in  the  Mail 
service  in  the  Mediterranean.  Perfect  combustion  of  the  gas 
was  effected,  and,  consequently,  no  formation  of  smoke.  The 
numerous  orifices  are  here  removed  from  the  direct  action  of 
the  heat,  or  the  liability  to  be  choked.  The  regulating  valve, 
originally  placed  on  the  apertures,  to  regulate  the  supply,  was. 
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after  a little  experience,  found  to  be  unnecessary,  and  was  re- 
moved.* This  plan  has  become,  practically,  the  most  effective, 
and,  during  the  last  ten  years,  has  been  adopted  in  numerous 
marine  and  land  boilers.  The  cost  of  the  air-box  was  under 
forty  shillings. 


* The  Engineer  of  these  vessels,  to  which  he  was  appointed  successively, 
after  much  experience  of  the  value  of  admitting  the  air,  reported  as  follows 


Liverpool,  August  2Q,  1842. 

“ Sir, 

From  the  experience  which  I have  had  of  the  apparatus  on 
board  the  mail  contract  packet,  the  Princess,  I found  it  effected  a conside- 
rable saving  of  coals,  besides  doing  away  with  the  smoke,  and  I,  therefore, 
beg  that  it  will  be  put  into  the  Hindostan  before  she  leaves  England. 

“ I am.  Sir,  j'-our  obedient  servant, 

JAMES  M‘LAREN,  Engineer  of  the  Hindostan.” 


Extract  of  a Letter  from  Mr.  MCLAREN,  dated  on  hoard  the  Steam 
Ship  Hindostan,  at  Madras,  December  20,  1842, 

“ With  regard  to  the  air-boxes,  I consider  them  a great  saving  to  the 
Company,  both  in  fuel  and  supporting  the  bridges ; for  if  we  had  the  common 
bridges  we  should  have  had  to  rebuild  them  several  times,  which  might  have 
caused  the  vessel  to  be  detained  some  days;  but,  up  to  the  present  time,  we 
have  had  no  occasion  to  put  up  a single  brick  since  we  left.  Gibraltar, 
and  the  perforated  plates  are  as  perfect  as  wh^n  first  put  into  the  furnace  ; 
and,  with  regard  to  smoke,  it  is  seldom  or  never  seen.  I am  happy  to  inform 
you,  to  the  credit  of  Messrs.  Fawcett  and  Co.,  that,  up  to  the  present  time, 
we  have  had  neither  a broken  bolt,  nor  a bad  rivet  in  the  boilers,  and 
every  thing  seems  to  be  in  as  good  order  as  when  we  left  home.  Con- 
sumption of  coal,  twenty-seven  cwt.  per  hour.” 


Report  of  the  Engineer  of  the  Oriental,  plying  between  England,  Gib- 
raltar, Malta,  and  Alexandria,  December  19,  1842. 

The  air-distributors  answer  uncommonly  well  in  this  vessel.  Con- 
sumption, twenty-six  cwt.  per  hour.  No  smoke  whatever.” 
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Fig.  52. 


Fig.  52.  In  this  plan,  the  air  was  introduced  through  a 
tube  laid  on  the  bottom  of  the  ash-pit,  to  avoid  the  current 
of  dust,  and  to  enable  the  air  to  enter  in  a cooler  state.  This 
was  found  effective  as  regarded  combustion,  but,  being  still  ex- 
posed to  the  sand,  dust,  and  heat,  as  already  mentioned,  was 
subsequently  altered  to  that  of  Fig.  51. 


Fig.  53. 


Fig.  53.  This  was  a tubular  boiler,  and  is  here  shewn  as  it 
came  from  the  maker  in  1846.  It  was  quite  ineffective,  giving 
much  smoke,  the  tubes  also  being  liable  to  injury  by  the  short- 
ness of  the  run.  The  air-box  in  the  bridge  was  soon  filled  with 
dust  and  ashes,  as  here  shewn.  The  grate-bar  being  6 feet  10 
inches  long,  the  flame  necessarily  reached  the  tubes,  doing 
much  injury  to  the  lower  tiers.  This  was  altered,  as  shewn  in 
Fig.  54. 
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Fig.  54. 


Fig.  54.  This  is  the  same  boiler,  the  furnace  alteration 
being  attended  with  considerable  advantage.  The  bars  were 
shortened  from  6 feet  10  inches,  to  5 feet  3 inches.  The  defect 
of  the  short  run,  and  the  limited  time  for  combustion,  incident 
to  tubular  boilers,  was,  however,  irremediable.  The  change  in 
the  length  of  the  bars  alluded  to,  reduced  the  consumption  of 
coal  considerably;  smoke  was,  to  a certain  extent,  avoided, 
and  the  amount  of  steam  increased.  In  this  boiler  there  were 
205  tubes  of  2|-inch  area.  Engines  190  horse-power. 

Fig.  55. 


Fig.  55.  This  was  a large  steamer  of  350  horse-power, 
^ with  tubular  boilers.  The  plan  of  furnace  here  shewn  repre- 
sents it  as  it  came  from  the  maker.  Three  lengths  of  bars,  2 
feet  8 inches  each,  filled  the  entire  space,  leaving  no  room  for  the 
admission  of  air  to  the  gas.  The  consequence  was,  a great 
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consumption  of  fuel ; a great  generation  of  smoke ; and  much 
inconvenience  and  expense,  from  the  destruction  of  the  tubes 
and  face-plate. 


Fig.  56. 


Fig.  56.  This  is  the  same  boiler.  The  bars  having  been 
shortened,  the  air-box  was  introduced  into  the  bridge.  Not- 
withstanding the  evils  of  the  short  run,  the  change  here  made 
was  satisfactory.  The  importance  of  keeping  the  air-passage  free 
from  obstruction  was  exemplified  in  this  case.  The  air-box  was 
introduced  in  the  after-hoiler,  leaving  the  fore-hoiler  as  shewn  in 
Fig.  55.  During  the  voyage,  in  which  90  tons  18  cwts.  of 
coal  were  used  in  the  latter,  but  81  tons  15  cwt.  were  used  in 
the  former.  The  engineer  reported,  that  when  the  gases  are 
properly  consumed,  the  best  effect  is  produced ; good  steam  is 
obtained  and  less  coal  used.” 


Fig.  57. 
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Fig.  57.  This  boiler  also  was  tubular,  17  feet  2 inches  long. 
Engines  370  horse-power.  It  is  here  shewn  as  it  came  from  the 
maker.  The  grate-bars  9 feet ; dead  plate  9 inches.  The  area 
for  the  admission  of  the  air  was  quite  inadequate  to  the  intro- 
duction of  the  necessary  quantity.  This  boiler  was  then  altered 
as  in  Fig.  58. 


Fig.  68. 


Fig.  58.  This  is  the  same  large  steamer  as  in  last  number : 
the  air-box  being  introduced  into  the  bridge ; the  result  was  a 
considerable  diminution  in  the  fuel  used ; a better  command  of 
steam,  and  freedom  from  the  nuisance  of  smoke. 


Fig.  59. 


Fig.  59.  This  tubular  boiler  is  here  shewn  as  it  came  from 
the  maker;  grate-bars  9 feet  3 inches  long,  with  dead-plate  12 
inches.  No  means  for  admission  of  the  air  to  the  gas.  In  this 
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boiler  the  run  to  the  end  of  the  tubes  being  so  short,  the  gene- 
ration of  steam  depended,  almost  exclusively,  on  the  large  grate- 
surface  from  ten  furnaces.  The  consumption  of  coal  was  very 
great,  and  the  smoke  very  dense.  From  the  shortness  of  the 
boiler  there  was  necessarily  but  little  room  for  improvement 
It  was  altered  as  shewn  in  next  plan. 


Fig.  60. 


Fig.  60.  The  same  boiler,  altered  as  here  described,  allow- 
ing the  air  to  enter  by  a perforated  plate.  The  inherent  de- 
fects of  the  short  boiler,  and  short  run,  prevented  the  realizing 
much  advantage  in  this  case. 


Fig.  61. 


tical  error  of  supposing  that  the  gases  could  be  consumed  by 
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causing  them  to  pass  through  incandescent  fuel.  The  effect  of 
this  plan  is  to  convert  the  gas  into  carbonic  oxide ; and  which, 
from  being  invisible,  created  the  impression,  that  the  smoke 
loas burned'^  It  is  needless  here  to  dwell  on  the  chemical  error 
of  such  an  assertion.  The  fallacy  of  imagining  that  either  gas 
or  smoke,  from  a furnace,  can  be  consumed  by  passing  “ through, 
over,  or  among^'^  a body  of  incandescent  fuel,  as  already  shewn, 
prevailed  from  the  days  of  Watt  to  the  present.  Numerous 
patented  plans  to  the  same  effect,  might  here  be  given,  all 
having  the  same  defect,  and  equally  ineffective. 


Fig.  62. 


Fig.  62.  This  was  one  of  the  numerous  hot-air  expedients 
j)ressed  upon  public  notice,  under  the  illusion,  that  by  heating 
the  air,  “ the  smoke  would  be  burned.^^  A large  hollow  fire-bar, 
A,  was  placed  in  the  centre,  or  sides  of  the  furnace,  with  a re- 
gulating door  for  the  admission  of  the  air.  The  Admiralty 
having  been  induced  to  allow  this  plan  to  be  adopted  in  the 
Steam  Packet,  the  Urgent','  at  Woolwich,  the  result  was  a 
total  failure,  and  its  consequent  removal.*  The  supposed  heat- 
ing of  the  air  being  a mere  assertion,  made  for  the  purpose  of 
giving  an  appearance  of  novelty,  having  been  wholly  without 
effect,  the  result  was,  that  it  reduced  the  so-called  patent  in- 
vention to  that  of  Parkes’  Split  Bridge,  with  all  its  disadvan- 
tages when  applied  to  marine-boilers  and  large  furnaces. 

L 

* The  Urgent,  Captain  Emerson,  being  then  engaged  in  the  Mail  Service 
at  Liverpool,  this  steamer  came  under  my  notice.  For  the  purpose  of  testing 
the  effects  of  this  liollow-bar,  I had  an  exj)eriment  made  to  ascertain  the  ex- 
tent to  which  the  air  might  be  heated,  and  found  no  perceptible  increase  of 
heat  could  be  obtained  by  it. 
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Fig.  G3. 


Fig.  63.  This  was  another  modification  of  the  Split  Bridge 
plan.  Mr.  West,  in  his  published  Report,  on  the  methods 
submitted  to  the  Public  Meeting  at  Leeds,  in  1842,  described 
this  in  the  following  terms  : It  consists  of  a regulating  valve, 

by  which  air  is  admitted  into  a passage  through  the  bridge,  (the 
split  bridge  of  Parkes’  expired  patent,)  for  four  hours  after  first 
firing.  By  this  time  the  coal  is  coked,  and  the  valve  shut  the 
remainder  of  the  day.”  It  is  manifest  there  is  nothing  in  this 
plan  beyond  the  split  bridge,  accompanied  with  the  mode  of 
firing  and  slow  continuous  combustion  applicable  to  it. 


Fig.  64. 


Fig.  64.  This  is  but  another  modification  of  the  split 
bridge,  though  announced  as  a plan  for  heating  the  air,  by  its 
passage  through  a body  of  hot  brick-work.  This  plan,  M.  Pec- 
let  observes,  was  adopted  in  France,  but  abandoned. 
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Fig.  65. 


Fig.  65.  M.  Peclet  gives  tliis  as  one  of  Chanter’s  pa- 
tents, which  was  also  tried  and  abandoned  in  France.  It  will 
be  seen  that  this  is  but  a modification  of  the  former  plans. 


Fig.  66. 


k Fig.  66.  This  is  another  of  the  so-called  hot-air  plans, 
although  it  is  nothing  but  the  split  bridge  with  a supplemental 
grate,  as  adopted  by  Chanter  and  others.  The  Patentee  pro- 
fesses to  have  the  air  “ intensely  heated,^  by  the  handful  of 
scoria,  or  cinders,  which  fall  on  the  supplemental  grate.  This 
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plan  being  much  pressed  on  public  attention,  the  Patentee’s 
own  inflated  description  is  here  given,  tlian  wliich  nothing  can 
be  more  erroneous  in  a chemical  point  of  view,  or  more  un- 
warranted in  practical  effect.* 


Fig.  G7. 


Mr.  West’s  Summary.  The  air  is  here  supposed  to  be  heated 
by  passing  through  the  vertical  tubes  a,  placed  in  the  flue,  and 

* “ It  will  be  seen  that  the  invention  consists  in  the  combination  of  two 
sets  of  fixed  fire-bars,  the  first  of  which  is  chiefly  fed  by  the  scotna  and  cin- 
ders voided  from  the  second  or  upper  set  of  fire-bars,  with  a calorific  plate, 
the  face  of  which  may  be  protected  by  a few  fire-bricks  ; by  which  arrange- 
ment, the  current  of  air  entering  at  the  lower  part  of  the  furnace,  passes 
through  two  strata  of  fire,  and  thence  between  the  calorific  plate  and  the 
bridge,  and  is  thus  so  intensely  heated  as  continuously  to  produce  the  entire 
combustion  of  the  gaseous  products  of  the  fuel,  and  to  prevent  the  ordinary 
formation  of  smoke.  It  is,  in  effect,  a double  furnace,  confined  to  the  limits 
of,  and  economically  applicable  to,  any  common  description  of  furnace ; has 
all  the  advantages  of  a hot  blast  without  the  cost  of  any  pneumatic  appa- 
ratus j is  so  contrived  as  uniformly  to  distribute  and  keep  up  the  requisite 
heat  in  boilers  of  whatever  form  ; and,  whilst  most  effectually  preventing  the 
annoyance  of  smoke,  and  the  usual  deposit  of  soot  in  the  flues,  it  causes  an 
average  saving  of  at  least  20  per  cent,  in  the  quantity  of  fuel  consumed,  and 
also  admits  the  substitution  of  the  cheapest  for  that  of  a dearer  quality,  and 
of  small  instead  of  large  coals,  as  further  means  of  reducing  the  expense  of 
eonsumption.’’ 
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thence  through  the  passage  h,  entering  the  furnace  by  a single 
orifice  c.  It  is  only  necessary  to  observe,  that  it  would  be 
impossible  that  one-fourth  part  of  the  required  quantity  of  air 
could  there  obtain  access,  unless  by  so  enlarging  the  orifice  as 
to  produce  a cooling  effect,  by  its  then  entering  en  masse.  Mr. 
West  states,  that  the  Patentee  “ claims  the  right  of  using  hot 
air  for  the  purpose  of  consuming  smoke,  in  whatever  manner 
the  air  may  be  heated.”  This  claim,  it  may  safely  be  stated, 
none  will  be  disposed  to  dispute. 

It  seems  strange  that  these  numerous  advocates  for  the  use 
of  hot  air,  in  ordinary  boiler  furnaces,  have  given  no  infor- 
mation as  to  the  degree  of  heat  which  they  would  give  to  the 
air,  nor  the  means  by  which  this  heat  would  be  imparted  to  it. 
They  have  made  no  experiment  to  test  either : neither  have 
they  given  any  grounds  for  supposing  that  the  air,  when  heated, 
would  be  more  effective.  [This  will  be  hereafter  considered 
in  a separate  chapter.] 


Fig. 


G8. 


/////, 
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Fig.  G9. 


Figs.  68  & 69.  This  plan,  as  in  Fig.  68,  with  the  sectional 
view,  69,  is  also  taken  from  Mr.  West’s  Summary,  and  is 
here  introduced  with  the  view  of  further  pointing  to  the  hot 
air,  and  smoke-burning  ” fallacy.  The  following  is  the  de- 
scription given  by  Mr.  West : " The  smoke,  after  having 

passed  along  the  flues  marked  F,  is  intended  to  be  caught  by 
the  fan  H,  before  reaching  the  damper  G,  and,  along  with  a 
sufficient  quantity  of  atmospheric  air,  is  propelled  along  the  re- 
turn flue  I,  into  the  enclosed  ash-pit  K,  where  it  is  again  forced 
through  the  flre-grate  C.”  It  is  not  necessary  to  add  any  com- 
ment on  what  is  so  wholly  opposed  to  chemistry  and  nature. 

The  plans  of  BruntorHs  revolving  grate.  Jukes'  moving  bars,  i 

or  Stanley’s  self-feeding  apparatus,  need  not  here  be  described.*  | 

There  is  in  these  no  pretension  beyond  what  they  can  perform ; i 

each  acts  the  part  intended,  and,  wherever  there  is  room  for  | 

their  introduction,  and  that  the  uniform  amount  of  heat  pro-  I 

duced  by  these  means,  falls  in  with  the  requirements  of  the  j 

steam  engine,  and  the  manufacturer,  these  will  answer  the  j 

desired  purpose.  j 

* Stanley’s  apparatus  was  early  applied  on  board  the  Dublin  Steam  Com- 
pany’s vessel,  the  Liverpool.  Independent  of  its  inconvenient  bulk,  it  was  ' 

wholly  defective,  when  applied  to  large  furnaces,  requiring  the  most  active  ] 

firing,  and  the  irregular  demand  for  steam  incidental  to  marine  boilers. 
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We  must  here  observe  that  these  plans  are  inapplicable  to 
marine  furnaces,  or  where  large  quantities  of  steam,  and  active 
and  irregular  firing  are  required. 

The  simple  operation  in  these  is,  the  keeping  continuously 
a thin  stratum  of  fuel  on  the  bars,  and,  consequently,  an  abun- 
dant supply,  and  even  an  excess  of  air,  through  it,  to  the  gases 
generated  in  small  quantities  over  every  part  of  the  fuel. 
Neither  must  we  be  led  to  suppose,  that  they  effect  a more 
economical  use  of  the  fuel. 

In  an  an  inquiry  on  the  subject  at  the  Society  of  Arts, 
much  stress  was  laid  on  the  annual  saving  by  the  use  of  the 
moving  bars,  at  a large  establishment  in  London.  It  appeared, 
however,  that  the  saving  arose,  not  from  any  more  economic 
use  of  the  fuel,  or  the  generation  of  more  heat,  or  by  a more 
perfect  combustion,  but  merely  from  the  circumstance,  that  the 
mode  of  feeding  the  furnace,  and  keeping  continuously  a thin 
stratum  of  fuel  on  the  grate,  enabled  the  proprietor  to  use  an 
inferior  description  of  coal. 

In  the  case  of  boilers  already  constructed,  it  may  be  asked 
how  they  should  be  altered  so  as  to  admit  the  required  supply 
of  air.  In  land  boilers,  where  the  furnace  doors  are  set  in  brick, 
they  may  easily  be  enlarged,  and  at  a small  cost,  to  allow  space 
for  the  requisite  number  of  orifices,  the  aggregate  area  of  which 
should  average  five  to  six  square  inches  for  each  square  foot  of 
grate-bar  furnace,  according  to  the  description  of  fuel. 

In  marine  boilers,  however,  the  enlargement  of  the  door  end 
is  troublesome.  Where  sufficient  space  cannot  be  obtained,  it 
will  be  advisable,  in  addition  to  as  many  half-inch  orifices  as 
can  be  inserted  in  the  back  plate  of  the  close  door  box,  or  in  the 
neighbourhood  of  the  door,  to  introduce  the  ordinary  perforated 
air-plate,  as  already  shewn  in  Fig.  51.  This  was  the  mode 
successfully  adopted,  in  the  present  year,  in  the  mail  steam 
packet,  the  Llewellyn.  The  boilers  being  new,  and  the  maker 
not  having  allowed  space  sufficient  for  door-frame  plates  of  the 
required  size,  the  deficiency  was  supplied  through  the  ordinary 
perforated  box  in  the  bridge. 

Tlie  boilers  previously  in  this  vessel  were  remarkable  for  the 
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continuous  volume  of  dense  smoke : the  new  boiler,  indepen- 
dently of  the  absence  of  smoke,  supplies  more  steam  with  a less 
consumption  of  coal.  The  contrast  between  the  two  modes  of 
constructing  furnaces,  is  well  exemplified  in  the  following  ex- 
tract from  the  report  of  Mr.  Joseph  Clarke,  the  Engineer  of 
the  Dublin  Company,  to  whom  this  vessel  belongs.* 


Fig.  70. 


Fig.  71. 


In  illustration  of  the  alteration  which  should  be  made  in  ma- 
rine boilers.  Fig.  70  represents  the  usual  mode  of  contracting 
the  door  end  to  the  mere  size  of  the  door  frame,  as  at  a.  Fig. 
71  represents  the  mode  of  enlarging  the  opening,  both  at  the 

* The  Holyhead  mail  steam  packet,  Llewellyn,  having  now  been  at  work 
three  months  with  new  boilers,  I have  to  transmit  you  the  result  of  their  per- 
formances. This  vessel  has  two  boilers ; one  before,  and  the  other  abaft  the 
engines.  Their  construction  are  precisely  the  same ; each  having  six  fur- 
naces. Both  have  all  their  furnace  fittings  exactly  the  same.  In  order  to 
put  the  smoke-prevention  principle  in  contrast  with  the  ordinary  mode,  the 
fore  boiler  was  allowed  to  remain  as  it  came  from  the  maker,  while  the  after 
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sides  and  above  the~  doorway  at  h,  to  allow  of  the  intro- 
duction of  a sufficient  number  of  half-inch  apertures,  as  shewn 
in  Fig.  72.  It  is  here  worthy  of  note,  that  as  the  ordinary 
mode  of  constructing  the  door  end  of  marine  boilers  is  difficult 
and  expensive,  as  shewn  in  Fig.  70,  the  mode  shewn  in  Fig. 
71  is  so  much  more  simple  as  to  cover  all  the  outlay  for  the  air 
boxes  shewn  in  the  next  figures. 

Fig.  72. 


Fig.  72  represents  one  of  the  modes  adopted  where  the  boiler 

one  had  the  door  frames  of  each  of  the  furnaces  ( which  are  made  with  box 
month  pieces)  perforated  with  149  holes,  each  ’g  inch  diameter,  to  admit  the 
air.  These  not  being  suflBcient,  the  perforated  plate  behind  the  bridge  was 
added,  in  which  there  were  321  holes — in  all,  470  holes ; the  gross  area  of 
which  is  equal  to  about  6 square  inches  for  each  square  foot  of  fire  grate. 
The  result  is,  that  the  fore  boiler  gives  out  a continuous  volume  of  dense 
smoke,  and  the  after  one  none  whatever.  It  is  quite  remarkable  to  see  the 
steam  blowing  off  from  both  boilers,  and  smoke  only  from  one.  I know 
£ nothing  that  could  be  more  demonstrative  of  a principle  than  the  contrast 
between  the  two  boilers  in  this  vessel.  It  attracted  the  attention  of  the  pas- 
sengers, and  I resolved,  therefore,  on  leaving  the  two  sets  of  furnaces  as  they 
are  for  some  time  longer,  to  afford  the  public  the  opportunity  of  seeing  that 
smoke  prevention  is  practicable.  When  the  vessel  can  be  spared,  it  is  my 
intention  to  make  the  furnaces  of  both  boilers  alike.’^ 
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had  been  originally  constructed  to  admit  the  required  numher  of  ori- 
fices. This  has  been  in  successful  operation  for  some  years, 
and  without  requiring  any  repairs.  In  this  plan  it  will  be  seen 
that  air  boxes  are  introduced  at  the  sides  and  above  the  doors. 
The  air  entering  to  the  upper  box  at  a,  and  to  the  side  boxes 
at  h h.  (The  left  representing  an  outside,  and  the  right  an  in- 
side view  of  the  orifices.)  In  the  centre  is  a sliding  plate  P, 
by  which,  alternately,  the  right  or  left  hand  upper  orifices  may 
be  closed,  when  either  furnaces  are  about  to  be  charged. 

As  much  stress  has  been  laid  on  the  value  of  having  skilful 
firemen,  it  is  important  to  shew  in  what  their  real  duties  con- 
sist. The  annexed  figures  will  explain  the  difference  in  effect 
between  the  right  and  the  wrong  mode  of  charging  a furnace. 


Fig.  73. 


Fig.  73  represents  the  proper  mode  of  keeping  a uniform 
depth  of  coal  on  the  grate  bars ; — the  result  of  which  will  be,  a 
uniform  generation  of  gas  throughout  the  charge,  and  a uniform 
temperature  in  the  flues. 


Fig.  73a. 
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Fig.  73a  represents  the  ordinary  mode  of  feeding  marine 
furnaces : charging  the  front  half  as  high,  and  as  near  the  door, 
as  possible,  leaving  the  bridge  end  comparatively  bare.  The 
result  necessarily  is,  that  more  air  obtains  access  through  the 
uncovered  bars  than  could  be  req^uired ; thus  defeating  all  ef- 
forts at  introducing  the  proper  quantity  in  the  proper  manner. 

One  important  advantage  arising  from  the  control  of  the 
quantity  of  air  is,  that  it  enables  the  engineer  to  shorten  the 
length  of  the  grate  by  bricking  over  the  after  end  of  the  bars, 
seeing  that  an  unnecessary  length  merely  gives  the  means  of 
letting  an  improper  supply  of  air  pass  in  through  the  un- 
covered bars. 

The  facility  with  which  the  stoker  is  enabled  to  counteract 
the  best  arrangements,  naturally  suggests  the  advantage  of  me- 
chanical feeders.  Here  is  a direction  in  which  mechanical  skill 
may  usefully  be  employed : — the  basis  of  success,  however, 
should  be  the  sustaining  at  all  times  the  uniform  and  suflScient 
depth  of  fuel  on  the  bars. 

Although  the  combustion  of  the  gases  in  locomotive  boilers 
does  not  come  within  the  scope  of  these  remarks,  the  peculi- 
arities of  the  boiler,  as  shewn  in  Fig.  74,  are  so  illustrative  of 
the  principle  of  admitting  the  air  through  numerous  orifices, 
that  it  here  merits  attention. 


Fig.  74. 
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Fig.  74.  This  plan  of  boiler  is  the  invention  of  Mr.  Dew- 
ranee,  when  Engineer  to  the  Liverpool  and  Manehester  Rail- 
way Company,  and  was  adopted  in  their  locomotive,  the  Condor. 
By  this  arrangement  he  was  enabled  to  use  coal  instead  of  coke, 
and  with  entire  success.  It  will  here  be  seen  that  the  air  en- 
ters from  a separate  passage  to  a number  of  vertical  perfo- 
rated tubes,  from  which  it  passes  to  the  gas,  in  a large  mixing 
or  combustion  chamber,  through  numerous  small  orifices.  The 
result  is,  immediate  diffusion  and  combustion.  The  deflecting 
plate,  to  a certain  extent,  counteracts  the  short  run,  or  distance 
to  the  tubes.* 

In  concluding  these  observations  on  the  various  modes  of  in- 
troducing air  to  the  furnaces,  it  is  only  necessary  to  add,  that 
by  attention  to  what  is  here  stated,  manufacturers  may  become 
independent  of  smoke-burning  ” patents.  All  they  have  to 
do  is,  to  imitate,  as  near  as  possible,  the  principle  of  the  com- 
mon Argand  gas  burner.  Let  them  introduce  the  air  by  nume- 
rous small  orifices  to  the  gas,  in  the  furnace,  as  the  gas  is  introduced 
by  small  orifices  to  the  air  in  the  lamp.  They  want  no  aid  from 
any  patentee.  Let  them  begin  by  having  as  many  half,  or 
even  three-quarter,  inch  orifices,  with  inch  spaces,  drilled  in 
the  door  and  door  frame,  as  possible.  If  the  furnace  be  large, 
and  the  door-plate  frame  is  not  suflBcient  for  the  introduction  of 
the  required  number  of  holes,  let  them  introduce  the  perforated 
plate  in  the  bridge,  as  shewn  in  Fig.  51,  and  as  described  by 
Dr.  Ure  in  his  Dictionary  of  Arts,  last  Edition,  title,  “ Smoke 
Nuisance.” 

* A,  deflecting  plate  ; B,  combustion  chamber  ; C,  common  coal  fire  ; 
D,  cold  air  passage. 


CHAPTER  VIII. 


ON  THE  PROVIDING  ADEQUATE  INTERNAL  SURFACE 

FOR  TRANSMITTING  THE  HEAT  TO  THE  WATER 

FOR  EVAPORATION. 

On  this  head,  marine  boiler-makers  content  themselves  with 
calculating  the  gross  internal  superficies  ; and  having  provided  a 
given  number  of  square  yards,  of  so  called  heating  surface,  they 
consider  they  have  done  all  that  is  necessary  for  providing  an 
adequate  supply  of  steam. 

This  might  be  sufficient,  were  there  any  ground  for  assuming 
that  a square  yard  of  surface,  possessed  a given  evaporative 
power.  Nothing,  however,  can  be  more  vague,  and,  practi- 
cally, more  deceptive,  than  the  supposed  heat-producing  value 
of  a square  foot  of  grate-bar ; or  the  heat-transmitting  power 
of  a square  yard  of  internal  surface  ; both  being,  momentarily, 
subject  to  numerous  influences  connected  with  time,  tempera- 
ture, current,  and  position  ; and  the  ever  varying  admission 
and  action  of  the  air. 

At  present,  practice  and  theory  are  utterly  at  variance  on 
this  matter.  Take,  for  instance,  the  separate  surfaces  of  the 
fire-box  and  tubes  of  a locomotive  boiler ; a square-yard  of 
the  latter  having  but  one-third  the  evaporative  effect  of  one 
in  the  former.  Indeed,  many  instances  might  be  given,  of  the 
evaporative  effect  being  increased,  by  the  removal  of  many  entire 
tiers  of  tubes,  and  even  by  a large  diminution  of  the  gross  area 
of  surface. 

As  to  general  efficiency,  the  flue  system  is  capable  of  supply- 
ing all  that  can  be  required,  while  it  is  free  from  the  anomalies 
incidental  to  the  multi-tubular  plan.  When  larger  quantities  of 
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steam  are  required  for  larger  engines,  this  can  be  best  obtained, 
not  by  additional  tiers  of  tubes,  but  by  extending  the  areas  and 
length  of  run ; thus  increasing  the  number  of  units  of  time^  dis- 
tance, and  surface,  along  which  the  heat-transmitting  influence 
may  be  exerted.  It  is  a mistake  then  to  suppose,  that  the 
mere  providing  a large  aggregate  of  surface,  can  compensate  for 
deficiency  in  the  run,  or  the  want  of  sufficient  time.  The 
heated  products,  Avill  not,  and  cannot  be  forced  instantaneously 
to  spread  themselves  over  the  aggregate  of  surface  that  may  have 
been  provided. 

Among  the  influences  which  affect  the  transmitting  power  of 
any  given  surface,  none  are  greater  than  the  velocity  of  the  cur- 
rent  through  the  flues.  The  products  of  combustion  being  at  a 
high  temperature,  are  found  to  take  the  nearest,  hottest,  or  shortest 
• course  to  the  funnel,  — entering  the  lowest  tier  of  tubes  first,  — 
regardless  of  whatever  surface  may  have  been  elsewhere  pro- 
vided; in  fact,  passing  through  but  a limited  number  of  their 
ranges. 

It  is  an  error  then  to  suppose,  that  by  presenting  additional 
series  of  tubes,  we  can  compel  the  gaseous  products,  hurrying  to 
the  funnel,  to  occupy  them,  or  go  out  of  their  way,  to  take  the 
course  we  may  please  to  dictate.  With  equal  consistency 
might  we  expect  that  the  rapid  course  of  a river  stream  would 
be  eased  by  providing  additional  surface  in  some  adjoining  dis- 
trict; but  through  which  the  direction  of  the  current  would 
not  lead  it.  Lineal  distance,  or  length  of  run,  along  which  the 
heated  products  pass,  is  the  most  important,  though  the  most 
neglected,  element  in  the  calculation  of  surface. 

Among  the  modes  of  providing  adequate  internal  surface, 
none  have  led  to  greater  errors  than  the  endeavour  to  make 
smaller  and  shorter  boilers  do  the  duty  of  larger  ones,  and 
supply  steam  for  larger  engines,  by  the  adoption  of  the  multi- 
tubular system.  The  result  has  been,  a less  perfect  combus- 
tion ; a larger  development  of  opaque  smoke ; a greater  waste 
of  fuel  and  heat;  and  a more  dangerous  application  of  it. 
Where  increased  power  was  employed,  and  a larger  supply  of 
steam  was  required,  instead  of  providing  a corresponding  en- 
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largment  of  the  boilers,  engineers  have  inconsiderately  adopted 
the  locomotive  tuhular  principle,  apparently  for  no  other  reason 
than  that  it  was  smaller^  but  without  considering  the  irrecon- 
cileable  differences  in  the  two  services,  and  the  peculiarities 
incident  to  each.  Not  finding  that  the  enlarged  aggregate  in- 
ternal tuhular  surface  produced  the  expected  increased  quantity 
of  steam,  they  had  recourse  to  the  other  alterative — the  enlarg- 
ing the  areas  of  the  furnaces^  and  increasing  their  numhei  the 
generation  of  the  steam  almost  exclusively  depending  on  the 
plate  surface  in  connection  with  them. 

The  adoption  of  the  tubular  system  in  marine  boilers,  was 
also  accompanied  by  this  anomalous  proceeding ; that  while  the 
areas  of  the  furnaces  and  grate-bars  were  enlarged,  more  fuel 
necessarily  consumed,*  and  more  gas  generated,  nevertheless, 
the  time  and  distance  allowed  for  the  transmission  and  absorp- 
tion of  the  increased  quantity  of  heat  generated,  were  both 
actually  diminished. 

It  is  clear,  therefore,  that  in  these  arrangements  all  the  re- 
quirements of  nature  were  disregarded.  All  merged  in  the  one 
consideration — the  diminishing  the  size  of  the  boiler,  increasing 
the  area  of  the  furnaces,  and  providing  a larger  aggregate  internal 
surface  by  the  tubular  system.  The  question,  indeed,  seems 
never  to  have  been  raised,  whether  that  additional  surface  was 
ever,  or  to  what  extent,  brought  into  action.* 

* Under  the  head  of  “Want  of  general  principles  in  the  construction  of 
marine  boilers,’’  Dr.  Lardner  justly  observes,  “ There  cannot  be  a more 
striking  proof  of  the  ignorance  of  general  principles  which  prevails  respecting 
this  branch  of  steam  engineering,  than  the  endless  variety  of  forms  and  pro- 
portions which  are  adopted  in  the  boilers  and  furnaces  which  are  constructed, 
not  only  by  different  engineers,  but  by  the  same  engineers,  for  steamers  of 
like  power  and  capacity,  and  even  for  the  same  steamer  at  different  times.” 
He  then  adds,  “The  original  boilers  of  the  Ch'eat  Western  built  for  the  New 
York  and  Bristol  voyage,  was  of^^e  flue  sort;  these  were  subsequently  taken 
out  and  replaced  by  tubular  boilers  ; the  dimensions  and  relative  proportions 
of  these  two  sets  of  boilers  were  as  follows.” — He  then  gives  in  detail  all  the 
particulars,  the  leading  points  of  which  are  as  follows: — observing,  that  “ this 
^ vessel  was  less  efficient  with  the  second  set  of  boilers.” 

OriKiiial  Boiler.  Second  Boiler. 

Nominal  horse  power  . . 400  400 

Total  heating  surface  . . 3840  square  feet.  7150  square  feet. 
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As  to  the  importance  of  time  and  distance,  in  connexion  with 
surface,  it  is  only  necessary  to  point  to  the  length  of  the  flame, 
in  ordinary  boilers — that  being  an  unmistakeable  evidence  of 
the  duration  of  the  process  of  the  combustion  of  the  carhon  ; and 
which  process  cannot  be  interfered  with,  unless  by  the  loss  of 
that  heat  which  would  have  attended  its  completion. 

The  following  experiment  will  give  a sufficiently  correct 
view  of  the  duration  of  this  process,  and  what  ought  to  be  the 
distance  and  surface  allowed  to  take  up  the  heat.  In  this  case, 
the  boiler  was  15  feet  long ; the  furnace  4 feet  3 inches,  with  a 
returning  upper  flue.  The  air  was  properly  supplied,  the 
combustion  perfect,  and  no  smoke  generated. 


Time.  Length  of  flame  after 

a fresh  charge.  . 

After  5 minutes,  10  feet  from  the  bridge. 
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During  the  last 

10  minutes  the  flame 

ceased  to  be  that  of 

coal-gas  (carburetted  hydrogen),  and  had  become  that  of  coke- 
gas  (carbonic  oxide).  There  could  be  no  mistake  in  this,  the 
colour  and  character  of  the  two  gases  being  so  different  and 
well  defined,  as  may  be  clearly  observed  through  the  sight 
holes,  placed  opposite  the  furnace. 

Had  this  been  a tubular  boiler,  the  run  from  the  furnace  to 
the  funnel,  instead  of  being  36  feet,  would  not  have  been  one- 
tenth  of  that  distance.  The  flame,  which  at  one  time  we  see 
extended  to  22  feet,  must  necessarily  have  been  violently  cut 
short  and  extinguished ; or  its  heat  expended  in  the  chimney. 
The  atoms  of  carbon  would  have  been  converted  from  the  in- 

This  is  sufficient  to  prove  the  fallacy  of  a large  aggregate  of  heating  surface. 
The  first  boiler,  which  was  a good  steam  producer,  had  9 square  feet  per  horse- 
power; the  second,  the  tubular  one,  about  17  feet  — nearly  double  — yet  the 
generation  of  steam  was  inferior  in  the  latter. 
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candescent  state  of  flame  into  the  black  element  of  smoke; 
heat  would  have  been  lost  to  the  boiler,  and  the  tubes  would 
have  become  lined  with  the  non-conductor  soot. 

If  the  flame  passing  from  a furnace  be  clear,  the  combustion 
may  be  considered  as  completej  and  the  full  measure  of  heat 
obtained  from  the  fuel  — the  pyrometer  indicating  the  available 
amount  of  that  heat.  Mr.  Dewrance  states,  respecting  a land- 
boiler,  properly  fitted  with  the  perforated  air  distributor:  — 
'^We  have  a clear  flame  along  the  flues  to  the  distance  of  30 
feet  from  the  fire,  and  the  flues  at  that  distance  are  quite  hot ; 
previously  to  the  admission  of  air  in  the  proper  manner,  this 
part  was  quite  cold.”  Kow,  had  this  been  one  of  the  usual 
short  marine  tubular  boilers,  what  would  have  been  done  with 
this  flame,  or  the  heated  products  passing  from  it  ? and  of  what 
avail  would  have  been  the  surface  of  the  series  of  small  tubes  ? 
It  is  manifest,  then,  that  this  question,  as  to  the  length  of  the 
flame,  and  the  demand  for  time  and  distance,  was  not  suffi- 
ciently considered,  when  the  tubular  system  was  introduced  into 
marine  boilers,  using  coal,  in  imitation  of  the  locomotive  using 
coke. 

Mr.  Atherton  considers,  that  in  tubular  boilers,  “ the  gases 
are  so  minutely  sub-divided  in  their  passage  through  the  tubes, 
that  whatever  amount  of  heat  may  have  been  generated,  is 
rapidly  communicated  to  the  water.”  Now  this  fact  of  sub- 
division produced  by  the  forced  entrance  into  small  tubes, 
becomes  the  very  source  of  loss  of  that  temperature  which  is 
essential  to  the  generation  and  continuance  of  flame.  Whatever 
heat  had  been  generated  by  the  flame,  on  its  arriving  at  the 
tubes,  and  on  being  forced  into  their  narrow  orifices,  instead  of 
being  available,  would  be  virtually  sacrificed,  and  but  little,  if 
any,  left  to  be  sub-divided  in  its  passage since,  as  has  been 
well  ascertained,  the  temperature  within  the  tubes,  where  the 
black  smoke  prevails,  is  frequently  not  suflficient  even  to  injure 
. paper  or  shavings.  In  truth  it  is  only  when  the  fires  are  clear, 
^ and  the  fuel  incandescent,  that  there  is  sufficient  heat  in  the 
tubes  to  generate  any  steam.  This  minute  sub-dividing”  of 
the  heat,  then,  is  only  correct  as  regards  the  locomotive,  where 
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coke  alone  is  used, — where  there  is  no  carburetted  hydrogen  gas, 
— and  no  fuliginous  flame  is  generated. 

Again,  in  addition  to  the  heat  obtained  by  direct  radiation 
from  the  flame,  we  have  to  consider  that  large  quantity  which 
would  have  been  given  out  by  the  gases,  if  their  comhustion  had 
been  completed.  It  may  here  be  observed,  that  it  is  the  obtaining 
the  service  of  the  heated  products  by  an  adequate  run  of  flue, 
with  sufficient  time  and  surface,  that  characterizes  the  Cornish 
boilers.  In  these  the  main  feature  consists  in  generating,  by 
slow  combustion,  no  more  heat  than  can  be  taken  up,  and  trans- 
mitted to  the  water.  In  this  respect,  then,  it  is  the  direct 
reverse  of  the  tubular  system.  In  the  former,  there  is  slow 
combustion, — a "continuous  small  development  of  combustible 
gas, — a long  run, — abundant  absorbing  surface, — a moderate 
rate  of  current, — free  access  of  the  water  to  the  flues, — and 
sufficient  time  to  enable  the  surface  plate  to  do  its  duty ; — 
added  to  the  adoption  of  every  possible  means  of  preventing  the 
loss  of  heat,  externally,  by  clothing  the  outside  of  the  boiler. 

In  the  marine  tubular  boiler,  on  the  other  hand,  every  thing 
is  the  reverse.  There  is  the  most  rapid  combustion,— the 
largest  and  most  irregular  development  of  gas, — a rapid  cur- 
rent,— a short  run, — a restricted  and  imperfect  circulation  of 
the  water, — and  a total  inadequacy  of  time  for  the  transmitting 
and  absorbing  processes,  with  a great  waste  of  heat  by  radiation 
from  the  boiler. 

Another  serious  evil  of  this  tubular  system,  and  its  short  run, 
which  carries  the  heat  away  so  rapidly,  is,  the  over-heated  state  of 
the  funnel  and  steam  chest ; and  the  consequent  danger  to  the 
part  of  the  vessel  in  their  immediate  contiguity. 

The  cause  of  such  heat  in  a situation  where  it  can  be  of  no 
avail  for  the  purposes  of  evaporation,  has  not  been  sufficiently 
inquired  into.  To  this  circumstance,  without,  doubt  was 
attributable  the  destruction  by  fire  of  the  Anmzon  steam  ship. 
The  excessive  heat  of  the  lower  part  of  the  funnel,  the  take-up 
and  steam  chest, — both  of  which  were  in  that  vessel  under  deck, 
— created  a source  of  danger  which  does  not  exist  in  vessels 
where  both  are  above  the  main  deck. 
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With  reference  to  the  availability  of  the  tubular  surface, 
even  the  liorizmital  position  of  the  tubes,  and  their  being  ranged 
in  tiers  above  each  other , is  peculiarly  unfavorable.  The  lower 
tiers  presenting  the  nearest  opening  for  the  escape  of  the  heated 
gaseous  products,  are  first  occupied,  and  at  an  accelerated  rate 
of  progress. 

Mr.  Atherton  has  given  this  subject  his  attention,  yet  he  has 
overlooked  the  chemical  influences  which  sub-division,  by  means 
of  tubes,  exercises  on  flame.  “ The  flue  system,”  he  observes? 

is  more  favorable  to  the  effecting  a perfect  combustion  of  the 
fuel,  than  the  tubular.”  This  is  true ; but  when  he  adds,  that 
the  tubular  system  is  more  favorable  to  the  due  transmission 
of  the  heat  to  the  water  in  the  boiler,”  this  is  not  borne  out  in 
practice. 

Mr.  Atherton,  however,  has  given  the  most  convincing  proof 
of  the  waste^  and  danger  of  the  tubular  system.  Speaking  of 
the  combustible  gases  evolved  from  coal,  he  observes,  that 
‘‘  after  having  passed  through  the  tubes,  the  proceeds  from  all 
the  different  furnaces  become  collected  in  the  up-take  and 
funnel;  and  being  there  combined  and  mixed  together,  they 
burst  mto  useless  combustion^  frequently  making  the  funnel  red  hot^ 
This  is  unquestionably  true,  but  it  only  shews  that  the  combusti- 
ble gases  must  have  passed  through  the  tubes  unconsumed;  and 
having,  in  the  smoke  box,  encountered  the  air  (which  should 
have  been  supplied  earlier),  “ then  burst  into  useless  combustion^ 
But  there  is  a more  important  reason  for  the  large  ‘‘sectional 
area”  in  the  flues  which  has  not  been  referred  to  by  writers  on 
the  subject,  viz.,  that  it  is  absolutely  essential,  chemically,  to 
the  completion  of  the  process  of  combustion  and  the  disposing  of 
the  products,  of  ivhich  water  is  so  large  a one,  as  will  be  shewn 
hereafter. 

In  calculating  the  effective  surface,  then,  it  should  be  taken 
with  reference  to  the  length  of  the  road,  so  to  speak,  along  which 
the  heated  products  have  to  travel  in  their  hurried  course, 
rather  than  to  the  breadth,  or  enlarged  areas,  which  may  be, 
laterally,  or  accidentally  provided,  but  which  are  practically  not 
used  or  available. 


CHAPTER  IX. 


OF  FLAME,  AND  THE  TEMPERATURE  REQUIRED  FOR 

ITS  PRODUCTION  AND  CONTINUANCE,  AND  ITS 

MANAGEMENT  IN  THE  FURNACES  AND  FLUES. 

The  consideration  of  the  nature  of  flame  would  appear  to  have 
belonged  to  the  first  part  of  this  Treatise,  where  the  relation 
which  bodies  have,  chemically , to  each  other,  are  examined; 
rather  than  to  that  of  their  'practical  application  in  the  furnace. 
In  the  present  case,  however,  they  are  so  intimately  connected, 
that  it  seemed  impossible  to  do  justice,  either  to  chemistry  or 
practice,  by  treating  the  one  apart  from  the  other.  This  will 
be  the  more  evident  as  we  proceed. 

Treating  of  the  temperature  required  for  the  combustion  of 
carburetted  hydrogen  gas,  is  virtually  treating  of  flame,  which 
is  the  first  product  of  that  combustion.  On  this  subject  we 
may  take  Sir  Humphry  Davy  as  our  guide,  as  he  made  it  an 
object  of  such  special  inquiry.  In  his  ‘‘  Researches  on  Flame,” 
he  observes,  “ I shall  proceed  to  describe  the  origin  and  progress 
of  those  investigations  which  led  me  to  the  discovery  of  the 
principles  by  which  flame  may  be  arrested  and  regulated.  I 
first  began  with  a minute  chemical  examination  of  the  substances 
with  which  I had  to  deaV^  So  far  from  adopting  the  same  rational 
course,  though  dealing  with  the  same  subject,  writers  of  the 
present  day  begin  with  calculations  respecting  the  proportions  of 
the  vessels,  into  which  the  several  substances  are  to  be  intro- 
duced, while  they  omit  the  chemical  examination  of  the  stibstances*^ 
themselves. 

Having,  after  numerous  trials,  ascertained  the  volume  of  air 
required  for  the  combustion  of  the  gas,  he  next  treats  of  the 
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temperature  required  for  the  production  of  flame;  that  is,  for 
igniting  the  given  mixture  of  gas  and  air,  which  he  calls  an 
“ explosive  mixture^  This  mixture,”  he  observes,  “ was  not 
exploded,  or  fired,  by  red  hot  charcoal,  or  red  hot  iron ; it 
required  the  iron  to  be  white  hot  for  its  inflammation.” 

That  this  heat  is  required  for  the  ignition  of  the  first  mixed 
group  of  gas  and  air  to  which  it  is  applied,  we  have  daily  proof, 
when,  to  light  the  gas  in  our  apartments,  we  apply  the  heat  of 
a separate  fiame  before  ignition  takes  place.  This  is  confirm- 
atory of  the  high  temperature  described  by  Sir  H.  Davy,  since, 
as  he  observes,  the  temperature  of  ivhite  hot  metal  is  far  below 
that  of  firmer  Now,  in  lighting  the  gas  from  our  burners,  we 
are  apt  to  overlook  the  all  important  fact,  that  it  is  not  the  gas 
which  we  ignite,  but  the  mixture  of  gas  and  air.  On  the  taper 
being  applied,  explosion,  or  sudden  ignition,  then  takes  place  of 
just  so  much,  or  so  many  groups,  of  the  gas  and  air,  as  have  obtained 
the  necessary  atomic  contact,  and  no  more. 

That  a high  temperature  must,  unintermittingly,  be  main- 
tained in  the  chamber  part  of  the  furnace,  will  at  once  be  under- 
stood, when  we  consider,  that  flame,  continuous  though  it  appears 
to  be,  is  but  a rapid  succession  of  electric  explosions  of  atoms, 
or  groups  of  atoms,  of  one  of  the  constituents  of  the  gas — the 
hydrogen  with  oxygen ; and  as  rapidly  as  their  respective 
atoms  obtain  access  and  contact  with  each  other ; the  second 
constituent — the  carbon — taking  no  part  in  such  explosions. 
Whatever,  therefore,  interrupts  this  succession ; (that  is,  allows 
the  explosion  of  one  group  to  be  terminated  before  another  is 
ready,  and  within  the  range  of  its  required  temperature),  virtu- 
ally causes  the  flame  to  cease ; in  ordinary  language,  puts  it  out. 

Again,  if  by  any  cooling  agency  we  reduce  the  temperature 
below  that  of  accension,  or  kindling,  the  eftect  is  the  same: 
the  succession  is  brohen,  and  the  continuousness  of  the  flame 
ceases ; as  when  we  blow  strongly  on  the  flame  of  a candle,  by 
which  we  so  cool  down  the  atoms  of  gas  that  they  become  too 
cold  for  ignition,  and  pass  away  in  a grey-coloured  vapour ; but 
which,  by  contact  with  a lighted  taper,  may  again  be  ignited, 
and  the  succession  restored. 
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Thus  we  see  there  are  two  modes  by  wliich  flame  may  be 
interrupted,  that  is  extinguished ; both  of  which  are  momen- 
tarily in  operation  in  our  furnaces.  1st.  By  the  want  of  suc- 
cessive mixture  or  groupings  of  air  and  gas.  2nd.  When  the 
gas  is  reduced  in  temperature  by  cooling  agencies,  as  will  here- 
after be  shewn. 

Luminosity  is  neither  an  element  nor  an  incident  of  flame. 
It  is  merely  the  result  of  the  presence  of  some  other  and  solid 
matter — the  degree  of  luminosity  being  in  proportion  to  the 
quantity  and  temperature  of  such  solid  matter.  In  the  combus- 
tion of  coal  gas,  flame  is  caused  by  the  union  of  the  hydrogen 
with  atmospheric  oxygen,  the  heat  produced  being  intense, 
raising  the  carbon,  if  present,  to  the  state  of  incandescence,  and 
producing  the  effect  of  luminosity.  Here  we  may  admire  the 
wonderful  adaptation  of  nature  to  human  wants.  Without  the 
hydrogen,  there  would  be  no  heat ; and  without  the  carbon, 
there  would  be  no  light.  The  luminosity  of  the  incandescent 
carbon,  then,  is  the  mere  result  of  that  high  temperature  which 
is  essential  to  its  own  subsequent  combustion,  or  chemical  union, 
with  oxygen. 

Let  this  fact,  then,  be  borne  in  mind,  as  it  indicates  the 
cardinal  point  of  the  whole  process  in  our  furnaces^  namely,  that 
it  is  not  the  gas,  but  the  mixture,  the  convpound  of  gas  and  air, 
that  is  ignited,  and  which  produces  the  flame,  with  its  heat  and 
luminosity. 

This  necessary  condition  of  mixture  clearly  exposes  the  error 
of  supposing  that  the  gas  may  be  ignited  or  consumed  by  being 
made  to  pass  over,  or  in  connection  with  the  red  hot  fuel.  Sir  H. 
Davy  has  shewn  that  no  degree  of  heat  wiU  consume  gas- 
combustion  being,  not  the  heating  the  gas,  but  the  chemical 
union  of  its  constituents  with  the  oxygen — mixing  being  but  the 
preliminary  operation  of  bringing  those  constituents  and  the 
supporter  of  combustion  into  atomic  contact,  or  within  the 
sphere  of  chemical  or  electric  action. 

The  two  essentials  of  combustion  being  laid  down  by  Sir  H. 
Davy,  viz. — temperature  and  contact,  he  then  considers  the  ma- 
nagement or  treatment  of  the  flame,  and  the  means  by  which 
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it  may  be  effected  or  extinguished.  He  states,  that  on  mixing 
one  part  of  carbonic  acid  with  seven  parts  of  the  mixture  of  gas 
and  air;  or  one  part  of  nitrogen  with  six  parts  of  the  mixture, 
their  powers  of  explosion  were  destroyed, — that  is,  ignition  was 
prevented.  Here  is  a fact  never  to  be  lost  sight  of,  inasmuch  as 
its  application  is  called  for  in  every  stage  of  the  process  in  our 
furnaces  and  flues. 

Again  he  observes : “ If  combustible  matter  requires  a high 
temperature  for  its  combustion,  it  will  be  easily  extinguished  by 
rarefaction  or  by  cooling  agencies,  whether  of  solid  substances, 
or  of  incombustible  gases.”  This  is  highly  instructive ; yet,  the 
supplying  these  very  means  for  extinguishing  the  flame  are  the 
characteristics  of  the  tubular  system,  namely — “destroying  the 
high  temperature  by  rarefaction,  cooling  agencies,  and  mixing  with 
incombustible  gasesi^ 

On  examination  of  what  passes  in  furnaces  using  coal,  we  see 
the  direct  connexion  between  its  effect,  and  what  Sir  H.  Davy 
so  clearly  points  out  as  the  means  of  extinguishing  the  flame.  On 
looking  into  a flue  boiler  from  the  back  end,  a body  of  flame  will 
be  seen  flashing  along  from  the  bridge,  and  if  air  be  properly 
introduced,  extending  a distance  of  20  to  30  feet.  This  is  the 
appearance  which  has  to  be  sustained  until  the  process  of  com- 
bustion be  completed,  if  we  would  have  the  full  measure  of  heat 
developed. 

On  the  other  hand,  looking  into  a tubular  boiler,  across  the 
smoke-box,  the  light  of  the  flame*  may  be  seen  through  the 
tubes;  but,  on  entering  their  oriflces,  or  at  a short  distance 
within  them,  it  will  appear  to  be  suddenly  cut  short  and  extin- 
guished, and  converted  into  smoke,  as  shewn  in  Fig.  75. 

The  distance,  then,  to  which  flame  will  penetrate  tubes,  before 
being  extinguished,  will  depend  on  the  rapidity  of  the  current, — 
the  size  of  the  orifices, — and  the  quantity  and  character  of  the 
gaseous  products,  entering  in  company  and  in  contact  with  it. 
These  products  are — 

From  the  coke  . . carbonic  acid  and  nitrosfcn. 

From  the  gas  . . carbonic  acid,  nitrogen,  and  steam. 

Here  we  have  the  very  incombustible  gases  referred  to  by 
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Sir  H.  Davy, — not  even  in  small,  but  in  very  large  quantities, 
forced  into  the  most  intimate  possible  mixture  with  the  flame. 
The  result  necessarily  must  be,  the  reduction  of  its  temperature, 
and  consequent  extinguishment. 

Impressed  with  the  importance  of  the  connexion  between 
temperature  and  ignition.  Sir  H.  Davy  dwells  on  the  fact,  and 
repeats,  that  “ flame,  whether  produced  from  the  combustion  of 
large  or  small  quantities  of  explosive  mixture  (gas  and  air),  may 
always  be  extinguished  or  destroyed  by  cooling  agencies ; and, 
in  proportion  to  the  heat  required  to  carry  on  combustion,  so  it  is  the 
nwre  easily  destroy ed^ 

Again,  he  observes : — In  reasoning  on  these  phenomena,  it 
occurred  to  me  that  the  effect  of  carbonic  acid  and  nitrogen, 
and  of  the  surfaces  of  small  tubes,  depended  on  their  cooling 
powers  ; upon  their  lowering  the  temperature  of  the  exploding  mix- 
ture so  much,  that  it  was  no  longer  sufficient  for  its  continuous 
inflammation^  It  is  impossible  that  words  can  be  more  explicit, 
or  more  applicable,  and  cautionary,  as  to  the  consequences  of 
bringing  these  incombustible  gases  into  contact  with  flame. 
Yet  this  mixture,  and  these  cooling  agencies,  are  promoted  in 
the  most  palpable  manner  and  to  the  greatest  extent,  by  forcing 
the  flame,  together  with  these  gases,  to  enter  the  hundreds  of  long 
narrow  metallic  tubes,  with  their  small  orifices ; — thus  dividing 
into  numerous  films,  and  destroying  the  body  and  intensity  of 
the  heat,  which  should  have  been  preserved ; since,  as  he  ob- 
serves,— the  heat  communicated  by  flame  must  depend  on  its  mass." 

Under  the  circumstances  of  an  ordinary  flue  boiler,  if  the  flue 
be  of  sufficient  area,  the  products  of  combustion  separate  them- 
selves, as  seen  in  the  flame  of  a candle,  and  as  will  hereafter  be 
shewn.  So,  in  the  flue,  the  hottest  portion,  and  the  flame  itself, 
will  take  the  upper  part,  thus  avoiding  that  unnatural  mixture 
with  its  own  incombustible  products — carbonic  acid,  nitrogen, 
and  steam ; but  which  in  the  tubular  system  are  again  forced 
into  contact  with  the  flame  from  which  they  had  separated 
themselves. 

That  the  temperature  within  the  tubes  will  be  reduced  below 
that  required  for  continuous  ignition,  may  be  tested  by  looking 
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Into  them  through  apertures  across  tlie  smoke-box  end,  or  by 
introducing  shavings  or  paper  fixed  to  the  end  of  an  iron  rod. 
In  most  cases  (unless  when  the  fuel  on  the  bars  is  clear)  the 
paper  may  be  passed  in  and  withdrawn,  blackened  with  soot,  or 
unscorched,  according  to  the  state  of  the  furnace,  indicating 
the  low  temperature  within  the  tubes,  and  their  utter  useless- 
ness as  steam  generators.  Fig.  76. 

In  speaking  of  the  evils  of  the  tubular 
system,  these  remarks  have  no  reference  to 
its  application  in  locomotive  boilers,  where 
cohe  alone  is  used,  and  for  this  self-evident 
reason,  that  no  hydro-carbon  gas  or  fuli- 
ginous flame  has  there  to  be  encountered. 

In  the  tubes  of  the  locomotive  there  is,  in 
fact,  no  chemical  or  practical  reason  why  the 
heat  may  not  be  abstracted  from  the  pro- 
ducts with  the  greatest  rapidity. 

With  reference  to  the  size  and  sectional 
area  of  the  tubes,  we  even  deceive  ourselves 
as  to  what  that  area  practically  is.  When, 
for  instance,  it  is  intended  to  give  an  area 
of  2 or  3 inches,  it  will  not  be  sufiicient 
merely  to  provide  tubes  of  2 or  3 inches 
diameter.  Allowance  must  be  made  for 
the  effect  produced  by  the  rapidity  or  pres- 
sure of  the  body,  (whether  it  be  flame,  gas, 
air,  or  water,)  forcing  an  entrance  into  a 
restricted  orifice.  The  true  and  available 
area,  that  which  directly  influences  the  mix- 
ing operation  of  the  several  bodies  simul- 
taneously forcing  themselves  through  the 
orifices,  will  then  be,  not  as  at  a in  Fig.  76, 
but  as  at  A'.  Thus,  in  effect,  a tube  of 
three  inches  of  internal  area  will  prac- 
tically have  one  of  but  2^  or  2 inches, 
and  so  in  proportion  to  the  size  of  the  tube,  and  the  amount  of 
pressure  exercised  by  the  current.  So  little,  however,  has  this 
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been  considered,  that  not  unfrequently  the  ferrule,  or  iron  ring 
by  which  the  tubes  are  fastened  to  the  face-plate,  is  inconsider- 
ately placed  within  their  orifices;  thus  still  more  seriously  con- 
tracting the  working  area. 

Looking,  then,  at  the  practical  effect  of  these  numerous 
narrow  orifices,  and  the  diminution  of  the  temperature,  conse- 
quent on  its  division,  it  would  be  impossible  for  ingenuity  to 
have  devised  a more  perfect  mechanical  mode  of  effecting  that 
rapid  and  intimate  contact  between  the  flame  and  the  incombus- 
tible gases,  described  by  Sir  H.  Davy  as  being  so  injurious  to 
the  continuing  high  temperature  of  that  flame,  and,  in  a word, 
so  effective  in  its  extinguishment. 

The  inference  which  this  inquiry  leads  to  as  regards  the  high 
temperature  required, — 1st,  for  the  ignition,  and  2ndly,  for  the 
sustaiued  existence  of  flame  is,  that  the  tubular  system  is  che- 
mically, mechanically,  and  practically  a destroyer  of  both. 


CHAPTER  X. 


OF  THE  CIRCULATION  OF  WATER  IN  THE 

BOILER. 


This  important  branch  of  the  subject — promoting 
circulation  in  the  water  in  evaporative  vessels — 
appears  to  have  hitherto  received  but  little  atten- 
tion ; yet  promoting  circulation  is  virtually  pro- 
moting evaporation.  Mr.  Perkins  proved  by 
numerous  experiments  how  much  evaporation  was 
increased  by  an  unembarrassed  action  of  the  as- 
cending and  descending  currents  of  the  water: 
since  then,  no  further  effort  has  been  made  in 
that  direction.  If  sufficient  space  be  allowed  for 
the  action,  the  ascending  and  descending  currents 
will  of  themselves  take  such  directions  as  are 
most  favourable  for  their  respective  function,  as 
in  Fig.  77,  where  an  ascending  current  is  seen  in 
the  centre,  and  a descending  one  on  the  sides. 

Dr.  Ure  observes,  when  the  bottom  of  a ves- 
sel containing  water  is  exposed  to  heat,  the  lowest 
stratum  becomes  specifically  lighter,  and  is  forced 
upwards  by  the  superior  gravity  of  the  superin- 
cumbent colder  and  heavier  particles.’’^  Here  we  have  the 


correct  theory  of  circulation : no  particle,  or  stratum  of  water 
or  steam,  (whatever  may  be  its  temperature,)  being  able  to 
ascend,  or  change  its  position,  until  some  colder  or  heavier 
particle  is  present,  to  take  its  place  and  ‘‘force  it  uptcards.^' 
Thia  is  the  rationale  of  all  motion  in  gaseous,  or  fluid  bodies, 
arising  from  the  rnsre  difference  of  specific  gravities.  Thus,  when 
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we  speak  of  atoms  ascending,  we  must  be  considered  as 
meaning  their  being  **  forced  upwards  f — ascending  being  a 
compulsory,  and  not  a voluntary,  act.  This  elementary  view  of 
the  motion  should  be  kept  in  view,  as  it  is  the  basis  of  all  that 
follows ; and  as  we  are  too  often  led  astray  when  considering 
the  ascending  body  of  steam  or  water,  but  neglecting  that 
descending  body  by  which  it  is  to  be  forced  upwards^ 

In  the  case  of  solids,  heat  passes  from  atom  to  atom  by  con- 
duction,— no  perceptible  change  taking  place  in  their  relative 
bulk,  weight,  or  position.  In  the  case  of  a fluid,  the  entire 
mass  being  put  into  motion  by  its  intestinal  currents,  circulation 
is  continued,  and  ultimately  the  temperature  of  212°  is  obtained, 
which  has  been  termed  the  boiling  point. 

We  have  now  to  examine  the  class  of  motions  and  currents 
which  are  the  result  of  this  boiling  operation.  If  we  could 
suppose  that  there  was  no  motion  among  the  particles  of  water 
during  the  act  of  boiling,  and  that  the  atoms  of  steam  alone  rose 
to  the  surface  on  being  produced, — in  such  case,  circulation 
would  be  unnecessary,  and  the  contraction  of  the  water  spaces 
in  boilers  would  be  a matter  of  no  importance,  as  water  would 
then  be  always  present  on  one  side  of  the  plate  to  receive  the 
heat  transmitted  through  it  from  the  other:  such  a state  of 
things,  however,  is  contrary  to  the  laws  which  influence  the 
change  of  temperature  in  fluids. 

So  far  as  regards  the  motion  in  water,  previous  to  ebullition,  it 
has  been  commented  on  by  all  writers  on  the  subject.  The  act 
of  boiling,  however,  creates  a species  of  currents  of  an  entirely 
different  and  important  character.  These  have  not  received 
due  attention,  y^t  they  are  the  most  important,  inasmuch  as 
they  influence  not  only  the  amount  of  evaporation,  but,  as  will 
be  shewn,  the  durability  of  the  boiler  itself. 

With  reference  to  the  movements  among  the  particles  in 
water,  it  is  a mistake  to  suppose  they  will  descend  in  the  same 
vertical  lines  in  which  they  had  ascended,  as  a shower  of  rain 
would  through  the  opposing  atmosphere.  Such  a direction 
would  be  impracticable  on  account  of  the  resistance  of  the 
ascending  currents  of  both  steam  and  water,  caused  by  ebulll- 
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tion.  This  may  be  illustrated  by  the  annexed  drawings.  Fig. 
78  represents  a supposititious  case  of  the  particles  of  water  on 
reaching  the  surface,  turning  and  descending  in  the  same 
vertical  lines  in  which  they  had  ascended.  Fig.  79  represents 
the  ascending  particles  of  water  jiowing  along  the  surface  to  the 
coolest  and  least  obstructed  part  for  their  descending  course.  This  is 
what  takes  place  in  all  boilers. 


Fig.  78. 


Fig.  79. 


When  heat  is  first  applied  to  water,  the  uniformity  of  the 
motion  is  the  mere  result  of  diminished  specific  gravity,  that  being 
then  the  sole  motive  power.  After  ebullition,  however,  a new  state 
of  things  is  created.  The  columns  of  rising  steam  obtain  great 
physical  power,  violently  and  mechanically  forcing  upwards  the 
water  which  comes  in  their  way.  Vertical  streams  are  thus 
induced,  in  motion  a body  of  water  far  greater  than  ivoidd  he 
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7'equired  far  merely  taking  the  place  of  that  which  had  been  converted 
into  steam.  Now,  as  bodies  or  streams  of  water,  commensurate 
with  these  continuously  forced  upwards,  must  necessarily  return 
to  prevent  there  being  a vacant  space,  it  is  for  these  returning 
ar  downward  currents^  of  what  may  be  called  surplus  ivater^  that 
we  are  called  on  to  provide  both  space  and  facility. 

The  ditference  in  the  character  of  the  currents  before  and  after 
ebullition  are  shewn  in  the  annexed  figures.  These  may  be 
well  observed  in  a glass  vessel,  of  the  shape  here  indicated,  and 
about  4 or  5 inches  wide,  suspended  over  the  flame  of  an 
Argand  burner.  Fig.  80  represents  the  uniform  motion  which 
takes  place  before  ebullition.  Fig.  81  represents  the  water  after 
ebullition  in  its  descending  and  revolving  currents, the 
rising  columns  of  steam  aside  from  their  vertical  course^  as  marked 
by  the  arrows.  These  motions,  which  are  not  perceptible  if  the 
water  be  free  from  foreign  matter,  will  be  seen  on  throwing  in 
a great  number  of  small  bits  of  paper,  so  as  to  occupy  all  parts 
of  the  water.  The  entire  mass  will  then  be  exhibited  in  violent 
and  revolving  currents — the  ascending  steam  occupying  one 
side,  and  the  descending  body  of  water  rapidly  descending  in 
some  other  part,  but  manifestly  occupying  a much  larger  area  of 
the  vessel  than  the  ascending  portion,* 


* The  extraordinary  body  of  water  forced  upwards,  and  the  important 
effects  produced  by  the  induced  currents,  manifestly  required  further  investiga- 
tion. As  they  exerted  a great  influence  on  the  amount  of  circulation  and 
evaporation,  I pursued  the  inquiry  into  the  cause  of  these  currents  upwards, 
and  the  increased  body  of  water  which  necessarily  required  facilities  for  a 
downward  cuiTent.  The  result  of  these  experimental  investigations  was 
ascertaining  that  the  prevailing  theories  respecting  vaporization,  ebullition, 
and  evaporation,  were  entirely  erroneous.  In  fact,  that  this  important  branch 
of  the  subject  had  not  been  duly  examined,  and  that  the  causes  of  those 
peculiar  movements  in  water  had  hitherto  escaped  observation.  Here,  then, 
is  an  unexplored  and  interesting  field  of  inquiry,  which  will  amply  repay  the 
labours  of  future  investigators.  In  the  event  of  its  not  being  undertaken  by 
others,  I propose  hereafter  giving  the  result  of  my  inquiries  in  a separate 
treatise. 
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Fig.  80.  Fig^  31^ 


So  great  is  the  ascensional  energy  and  velocity  of  the  rising 
steam,  and  the  extra  water  forced  before  it,  that  numerous 
globules  are  borne  along  by  the  current,  and  carried  even 
downwards.  These  may  be  observed  at  a.  Fig.  81,  in  their 
slow  oscillating  motion,  struggling  to  return  upwards  through 
and  against  the  force  of  the  descending  water.  These  move- 
ments are  highly  instructive,  and  should  be  well  examined, 
since,  without  an  accurate  knowledge  of  them,  we  cannot  have 
a right  conception  of  what  is  required  for  giving  a due  circula- 
tion to  the  water,  and  arranging  the  flues  and  water  spaces  in 
boilers  to  enable  those  motions  to  be  completed. 

The  influence  exercised  by  the  descending  body  of  water 
was  strikingly,  illustrated  in  an  experimental  tin  boiler,  12 
inches  long,  with  a single  flue  running  horizontally  through  it, 
the  water  being  heated  by  the  flame  of  a large  laboratory  gas 
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lamp.  The  boiler  being  open  at  the  top,  the  movements  of  the 
steam  and  water  were  thus  ascertained,  as  shewn  in  Fig.  82. 
So  soon  as  the  ebullition  became  strong,  the  water  spaces  round 
the  flue  appeared  insufficient  to  allow  the  steam  to  ascend,  and 
the  water  to  descend,  equally  on  both  sides.  The  consequence 
was,  that  much  of  the  water  forced  up  by  the  steam  on  the  one 
side,  was  carried  over  by  its  violence,  and  descended  on  the 
other,  thus  making  a circular  course  round  the  flue,  and  forcibly 
carrying  along  with  it  much  of  the  steam  that  came  in  its  way. 
This  circular  motion  is  shewn  by  the  dotted  arrows  represent- 
ing the  steam,  and  the  plain  arrows,  the  water. 


Fig.  82. 


With  the  view  of  observing  the  injurious  consequences  of 
restricted  water-ways,  a very  useful  class  of  observations  may 
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Fig.  83. 
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be  made  by  using  a tall  narrow  glass  as  in  Fig.  83,  attached  to 
a tin  or  iron  vessel,  with  a flat  bottom,  to  receive  the  heat  from 
an  Argand  burner,  or  spirit  lamp. 

Here  the  descending  water  is  so  obstructed  by  the  joint 
columns  of  ascending  steam  and  water ^ that  both  are  thrown  into 
great  confusion : — their  respective  currents  continually  changing 
sides,  and  the  progress  of  evaporation  considerably  delayed. 
We  here  obtain  a clear  practical  view  of  what  must  take  place 
between  the  flues  or  tubes  of  boilers,  with  their  usually  restricted 
water-ways. 

The  violence  and  intermittent  action  which 
ensues  where  separate  channels  or  sufficient  space 
are  not  available,  will  be  well  illustrated  in  the 
following  experiment:  Fig.  84  represents  two 

long  glasses,  each  2 inches  wide  by  18  inches 
long,  A and  B connected  by  means  of  a tin  ap- 
paratus C and  D,  at  top  and  bottom,  leaving  the 
communication  open  above  and  below ; the  whole 
being  suspended  over  a fire,  or  circular  series  of 
gas  jets  producing  a strong  heat.  On  the  heat 
being  applied,  a current  of  mixed  steam  and 
water  will  be  seen  ascending  in  one  glass,  and 
descending  in  the  other,  as  indicated  by  the 
arrows.  There  being  here  no  confusion  or  col- 
lision, a state  of  things  will  be  produced  highly 
favourable  to  the  generation  of  steam ; the  colder 
water  finding  easy  and  continued  access  to  the 
heated  bottom  of  the  vessel  at  E. 

If,  however,  the  communication  between  the 
two  glasses  be  cut  off  by  inserting  a cork  or  plug 
in  one  of  the  glasses,  as  seen  at  P,  Fig.  85,  the 
circulation  in  glass  B will  be  suspended,  and  the 
glass  A will  then  have  the  double  duty  to  perform 
of  allowing  the  rising  steam  to  reach  the  surface, 
and  the  descending  water  to  reach  the  bottom 
at  E.  The  previous  uniform  generation  of  steam 
will  then  be  succeeded  by  an  intermittent  action. 
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Fig.  84.  Fig  85. 


explosive  violence  alternating  with  comparative  calm  and  in- 
action, clearly  indicating  that  the  latter  is  only  the  interval  of 
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accumulating  force  to  be  discharged  by  the  former.  The 
rationale  of  tliis  intermittent  action  is,  that  the  water  being 
obstructed  in  its  descent,  the  steam  is  necessarily  delayed  or 
accumulated  in  the  lower  chamber,  and  only  discharged  at 
intervals.  The  motions  exhibited  in  these  intermittent  changes 
are  little  understood,  and  have  not  been  examined  either 
scientifically  or  practically;  yet  this  branch  of  hydrostatics 
merits  the  most  serious  investigation  in  connexion  with  the 
construction  of  large  boilers. 

Again,  this  accumulated  steam  getting  sudden  vent  is 
discharged  with  great  violence,  literally  emptying  both  the 
glasses  and  lower  chamber.  An  equally  violent,  but  more 
sudden,  reaction  of  course  follows,  and  a large  body  of  colder 
water  as  suddenly  rushes  down  to  fill  the  space  vacated.  An 
interval  will  then  necessarily  be  required  to  raise  the  tempera- 
ture of  this  large  supply  of  colder  water,  and  restore  the 
previous  state  of  ebullition. 

Here,  then,  we  have  a natural  and  physical  cause  for  the 
intermittent  action  on  the  small  scale  which  takes  place  in 
boilers  on  the  large  scale,  where  free  circulation  is  impeded  by 
the  want  of  adequate  space.  Here  also  may  be  seen  the  true 
source  of  priming  in  boilers  where  the  act  of  ebullition  is 
violent. 

In  this  experiment,  although  there  was  nothing  to  intercept 
the  steam  and  water  in  their  ascent,  the  intermittent  action 
continued  at  intervals  of  one  or  two  minutes.  At  each  irrup- 
tion, the  steam  and  water  were  forced  to  a considerable  height, 
and  on  its  return,  striking  downwards  into  the  vessel,  shaking 
the  apparatus  with  such  violence  as  apparently  to  threaten  its 
destruction,  the  blow  received  internally  being  accompanied 
with  a noise  as  if  a heavy  body  had  fallen  on  the  floor.  From 
the  great  violence  and  explosive  character  of  the  ascent,  when 
the  intermittent  action  occurred,  it  was  manifest  that  had  the 
vessel  been  a close  one,  no  safety-valve  would  have  been  suffi- 
cient to  relieve  the  outburst  of  these  irruptions. 

The  wholesome  action  of  a safety-valve  depends  on  a supposed 
uniform  and  progressive  increase  of  volume  and  pressure  of 
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the  steam ; yet,  practically,  nothing  of  the  kind  takes  place : 
all  is  intermittent,  indicating  a succession  of  eruptive  efforts 
in  discharge  of  the  accumulated  steam.  In  truth,  after  ebulli- 
tion has  begun,  the  whole  process  is  intermittent, — ebullition 
itself  is  an  intermittent,  but  hitherto  unexplained,  action. 
Here  then  we  have  a practical  exemplification  of  at  least  one  of 
the  causes  of  these  explosions  which  have  latterly  become  so 
frequent.  These  experiments  were  repeated  with  numerous 
alterations  in  the  relative  length  and  diameters  of  the  glasses, 
each  presenting  some  new  phase  of  the  process  of  vaporization, 
indicating  that  a highly  important  field  still  remained  for 
investigation,  and  bearing  practically  on  the  subject  of  the 
areas  required  for  the  efficient  circulation  of  the  water  and 
generation  of  steam.  The  subject,  however,  is  too  extensive 
and  too  important  to  be  here  entered  on,  and  must  be  examined 
more  at  length  than  would  here  be  practicable. 


CHAPTER  XI. 


ON  THE  CIRCULATION  OF  THE  WATER  IN  RELATION 
TO  EVAPORATION,  AND  ITS  INFLUENCE  ON  THE 
TRANSMISSION  OF  HEAT. 

With  reference  to  the  currents  in  water  caused  by  the  appli- 
cation of  heat,  the  first  point  for  consideration  practically  is, 
the  direction  in  which  the  atoms  of  water  approach  the  plates 
where  they  are  respectively  to  receive  heat. 

Remembering  that  before  any  particle  of  water  can  leave  the 
heated  plate,  and  rise  to  the  surface,  as  steam,  it  must  be  ‘‘‘‘forced 
upwards  hy  some  colder  and  heavier  particles ^ Unless,  therefore,  a 
due  succession  of  such  particles  be  enabled  to  take  their  places 
as  rapidly  as  others  have  received  the  heat  due  to  their  vaporiza- 
tion, the  plate  itself  cannot  be  relieved  of  its  heat,  and  con- 
sequently, evaporation  must  be  retarded. 

To  illustrate  the  direction  in  which  Fig.  86. 

the  particles  successively  approach  the 
heated  plate.  Fig.  86  represents  a vessel 
of  water — the  heat  being  applied  from 
beneath.  The  question  here  is,  whether 
the  colder  atoms  which  are  to  take  the 
places  of  the  atoms  of  vapour,  generated 
at  the  point  A,  will  approach  that  point 
in  the  direction  of  the  arrows  b,  c,  or  D. 

From  what  has  been  just  shewn,  it  is 
manifest  they  cannot  arrive  in  the  down- 
ward direction  of  b,  and  must  necessarily 
come  in  that  of  either  c or  D. 
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Fig.  87. 


Again,  suppose  the  heat  be  applied 
laterally,  as  to  the  side  plates  of  a furnace. 

The  question  then  will  be,  whether  the 
colder  atoms  will  approach  the  point 
A,  as  in  Fig.  87,  in  the  direction  of 
the  arrows  b,  c,  or  D.  For  the  same 
reasons  it  will  be  seen  that  it  must  be 
in  that  of  either  c or  D.  This  is  mani- 
festly in  favour  of  vertical,  rather  than 
horizontal  surfaces,  as  practically  has 
been  proved  in  the  case  of  vertical 
tubes.  This  advantage  may  be  ac- 
counted for  by  the  fact,  that  the  cur- 
rents of  the  atoms  of  vapour,  and  that  of  the  water  about  to  be 
converted  into  vapour,  will  then  be  running  in  one  and  the  same 
direction,  and  consequently without  obstruction  or  collision. 

Now  as  vaporization  does  not  depend  on  the  quantity  of  heat 
applied  to  the  plate,  but  on  the  quantity  taken  from  it,  the 
amount  of  evaporation  will  be  determined  by  the  rapidity  with 
which  the  colder  atoms  of  water  obtain  access  to  the  heated 
plate.  Hence  we  see  how  more  important  it  is  to  study  the 
means  of  giving  that  access  of  the  water  to  the  one  side  of  the 
plate,  than  of  heat  to  the  other. 

The  annexed  figures  will  illustrate,  practically,  the  direction 
in  which  the  colder  water  obtains  access  to  the  sides  and  crown 
plates  of  a furnace : — the  arrows  representing  the  atoms  of  water, 
and  the  dotted  lines  those  of  the  rising  steam. 

An  important  question  is  here  raised, — do  the  atoms  of  water 
approach  the  plate  in  the  direction  of  the  arrows  as  in  Fig.  88 
or  Fig.  89.  Every  thing  goes  to  shew  that  it  must  be  as  in 
the  latter.  We  here  then  find  that  the  crown  or  horizontal  plates 
can  be  supplied  from  the  vertical  water  spaces  alone  ; and  hence 
the  importance  of  making  those  channels  so  large,  and  con- 
veniently arranged,  that  the  water  may  reach  them  in  full  cur- 
rent and  quantity.  This  also  accounts  for  the  fact  that  the 
crown  plates  are  the  most  liable  to  injury  from  being  over-heated. 
The  side  plates  next  the  fuel  on  the  bars,  becoming  over-heated 
and  burnt,  we  shall  see,  is  referable  to  a different  cause. 

10 
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The  crown  plates  of  a furnace  are 
then  the  most  liable  to  injury  from 
the  double  cause  of  being  exposed 
to  the  greatest  heat,  by  direct  im- 
pact of  the  flame,  and  from  the  water 
having  greater  difficulty  of  access 
to  them,  as  shewn  in  Fig.  88,*  This 
causes  them  frequently  to  bulge  un- 
der the  pressure  of  steam,  as  in 
Fig.  90.  This  bulging  on  one  occa- 
sion occurred  in  the  flrst  voyage  the 
vessel  had  made  ; nevertheless,  no 
inconvenience  resulted  from  it ; — 
the  iron  having  been  of  good  quality, 
the  boiler  remained  in  a state  of 

* This  has  been  well  illustrated  by 
Mr.  Fairburn  in  a paper  read  to  the 


Fig.  90. 
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perfect  efficiency  for  many  years ; and  when  ultimately  broken 
up,  the  bulged  part  was  as  sound  and  thick  as  it  ever  had  been. 

On  this  it  may  be  observed,  that  if  there  be  any  obstruction 
or  sluggishness  in  the  water  reaching  the  crown  plates  (on  its 
rising  from  the  vertical  water-ways),  the  violence  of  the  upward 
current  of  steam  will  carry  it  in  the  direction  of  the  arrows  in 
Fig.  91 ; — thus  leaving  the  centre  of  the  crown  plate  in  contact 
ivith  steam  rather  than  water y and  by  which  it  necessarily  becomes 
over-heated. 

Looking  to  the  direction  of  the  water  on  passing  from  the 
vertical  side  spaces  to  the  crown  plates,  the  shape,  as  in  Fig.  92, 
would  appear  most  favourable  for  aiding  the  access  of  the  water 
— (the  arrows  shew  the  direction  of  the  water,  and  the  dotted 
lines  that  of  the  steam).  The  cylindrical  shape,  perhaps,  offers 
the  most  advantages  as  regards  direction  of  the  water,  and  the 
resisting  power  of  the  plate. 


Fig.  91.  Pig.  92. 


British  Association  at  Hull,  detailing  some  very  interesting  results  of  re- 
searches made  for  the  purposes  of  determining  the  strength  of  locomotive 
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The  inferences  to  be  drawn  from  these  facts  are, — First,  that 
every  possible  facility  should  be  provided  for  enabling  the  steam 
to  reach  the  surface  of  the  water  without  loss  of  time  or  tem- 
perature. Secondly,  that  ample  space  should  be  given,  at  the 
ends  or  sides,  or  both,  for  the  large  returning  body  of  water,  which 
had  been  forced  upwards  by  the  violence  of  the  ascending 
columns  of  steam.  Thirdly,  that  similar  and  adequate  means 
should  be  provided  to  enable  the  water  to  spread  along  the  bottom, 
in  its  course  to  supply  the  numerous  vertical  spaces  between 
the  furnaces. 

We  will  now  consider  the  internal  arrangements  of  marine 
boilers,  with  reference  to  the  circulation  of  the  water.  Pre- 
viously to  the  introduction  of  steam  power  into  sea-going 
vessels,  boilers  were  simple  in  their  construction, — the  water 
forming  one  undivided  mass  within  which  its  intestinal  currents 
had  free  scope  to  act,  taking  whatever  course  was  most  favour- 
able and  in  accordance  with  their  temperatures.  The  waggon 
boiler  of  Watt,  and  the  dome  shaped  colliery  boiler,  may  be 
considered  as  types  of  this  class.  In  such,  the  question  of 
circulation  had  no  practical  application.  The  employment  of 
the  steam  engine  for  marine  purposes,  first  rendered  it  neces- 
sary to  make  a change  in  the  internal  arrangements  of  the 
boiler,  as  well  for  economizing  space,  as  for  prvoiding  adequate 
heating  surface.  This  produces  the  system  of  internal  flues, 
of  considerable  length,  or  lineal  run,  corresponding  with  the 
great  length  of  brick  fines,  under  and  round  land  boilers. 
Instead  of  one  undivided  mass,  the  water  was  necessarily 
thrown  into  numerous  deep  narrow  avenues,  and  thin  films, 
with  conflicting  internal  courses,  and  multiplied  obstructions. 

Here,  then,  was  a new  system  involving  great  practical 

boilers.  In  the  boiler  whieh  exploded  at  Long-side,  “Considerable  stress,” 
he  observes,  “ had  been  laid  upon  the  weakness  of  the  stay  which  united  the 
flat  surface  of  the  boiler  to  the  sides  of  the  fire  box.  The  experiments  made, 
however,  clearly  indicated  that  the  fire  box  stays  were  not  the  weakest  parts, 
and  that  there  was  more  to  fear  from  the  top  of  the  furnace,  which,  undei- 
severe  pressure,  was  almost  invariably  the  first  to  give  way.**  This  is  the 
first  time  any  doubt  has  been  thrown  on  the  comparative  strength  of  this  part 
of  the  furnace. 
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changes,  not  only  in  the  direction  of  the  heated  products  from 
the  furnace,  but  of  the  currents  of  both  steam  and  water. 
These  changes,  however,  appear  to  have  excited  no  attention. 
It  was  said  (and  in  the  same  loose  manner)  that  the  water 
would  find  its  way  to  the  heated  fine  plates,  just  as  it  was  said 
that  the  air  would  find  its  way  to  the  fuel,  and  the  steam  to 
the  surface,  without  considering  what  those  ways  were,  or  ought 
to  he,  and  whether  they  were  provided. 

The  extent  to  which  the  heat  will  be  taken  from  the  plate 
is  next  to  be  considered.  Mr.  Sewell,*  among  many  useful 
remarks,  has  some  which  suggest  important  points  of  inquiry 
in  connection  with  marine  boilers.  No  matter,”  he  observes, 
“ how  ably  the  furnace  performs  its  duty,  if  the  heat  given  off 
from  the  fuel  cannot  be  taken  up  as  rapidly  as  it  is  produced, 
then  of  course  economy  ceases.”  This,  no  doubt,  is  true,  but 
lie  has  left  unnoticed  the  more  important  point,  namely, — by 
what  is  the  heat  to  be  taken  up  ? 

Again, — ‘‘  Where  the  power  of  convection  is  much  greater 
than  the  power  of  absorption,  then  the  heat  evolved  during 
combustion,  is  carried  off  without  effect.”  This  is  also  true ; 
but  we  are  still  left  in  doubt, — by  what  is  the  heat  to  be  absorbed  ? 

Now  this  absorption  cannot  be  in  the  plate.  In  a well-con- 
structed boiler,  where  adequate  means  of  circulation  of  the 
. water  are  provided,  there  can  be  no  absorption  in  the  plate,  which 
is,  or  ought  to  be,  the  mere  conveyor  or  transmitter.  The  very 
term  absorption  implies,  not  merely  receiving,  but  retaining,  the 
heat,  and  which  certainly  is  not  the  function  of  the  plate. 

This  distinction  involves  considerations  of  the  last  importance. 
By  confounding  the  heat  transmitter — the  plate — with  the  heat 
absorber — the  water, — we  fall  practically  into  innumerable  errors ; 
not  the  least  important  of  which  are  the  overlooking  the  question 
of  the  currents  and  circulation  of  the  water;  and  the  being 
satisfied  with  mevalj  providing  a large  aggregate  of  surf  ace  ; hence 
concluding,  that  we  had  also  provided  a commensurate  absorbing 
and  evaporative  power.  Errors  of  this  kind  lead  to  a neglect  of 

* Elementary  Treatise  on  Steam  and  Locomotives,  by  John  Sewell,  L.E., 
Vol.  I.  John  Weale. 
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the  express  function  of  the  plate  itself,  which  is  merely  to  trans- 
mit  what  is  given  to  it  on  the  one  side,  to  that  which  will 
receive  it  on  the  other. 

In  addition  then  to  the  power  of  convection,  or  carrying  the 
heat  through  the  flues, — which  belongs  to  the  gaseous  products 
of  combustion, — and  the  power  of  transmitting  the  heat, — which 
belongs  to  the  plate, — there  is  the  third  fower,  namely,  that  of 
absorbing  and  retaining  the  heat,  and  which  belongs  exclusively  to 
the  recipient,  ivhich  shoidd  be  water.  Now  a right  understanding 
of  these  separate  functions  and  duties  is  absolutely  necessary 
before  we  can  determine  the  relation  which  the  size  or  surface 
area  of  any  one  part  of  a boiler  should  bear  to  the  rest.  It  is 
from  neglect  of  these  distinct  functions,  and  the  confounding 
the  one  with  the  other,  that  we  so  often  err  in  giving  an  unwise 
rapidity  to  the  convecting  character  of  the  gaseous  products, 
and  an  injurious  curtailment  of  the  convecting  range  or  run. 

On  this  absorbing  faculty,  and  still  without  defining  to  what 
it  belongs,  Mr.  Sewell  observes — “Much  of  the  comparative 
economy  of  boilers  depends  on  their  absorbing  power.”  Here 
we  are  left  under  the  impression  that  this  absorbing  faculty  is  a 
function  of  some  part  of  the  boiler,  which  certainly  is  not  the 
fact.  • 

Now  it  is  more  important  that  we  investigate  the  absorbent 
power  of  the  recipient,  than  that  of  the  plate.  All  that  the  plate 
requires  is,  that  its  transmitting  power — its  proper  function,  be 
brought  into  action.  On  this  head  M.  Peclet  correctly  observes, 
that,  “under  ordinary  circumstances,  the  quantity  of  heat 
which  a metal  plate  has  the  power  of  transmitting,  is  far  greater 
than  what  it  is  really  called  on  to  transmit !”  * 

To  expect  then  that  the  plate  will  exercise  a greater  power 
of  transmitting  heat  to  some  other  body,  than  that  body  posses- 
ses for  receiving  and  absorbing  it,  would  be  a physical  absurdity. 
As  well  might  we  expect  that  a quantity  of  water  would 

pass  through  a porous  body  than  could  be  contained  in  the  space 

♦ “Nousavonsvu  que  dans  les  circonstances  ordinaires,  la  quantite  de 
chaleur  que  peut  transmettre  le  metal,  est  beaucoup  plus  grande  que  celle  qu’il 
a reellement  a transmettre.’' — Traitk  de  la  Chaleur. 
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in  which  it  would  be  received;  or  that  the  steam  from  the 
engine  cylinder  could  be  discharged  into  the  condenser,  in  the 
absence  of  a sufficiency  of  water,  or  space,  there  to  absorb  or 
receive  it. 

Mr.  Craddock,  in  the  course  of  his  published  Lectures,  has 
introduced  a new  feature  in  the  question  of  the  transmission  of 
heat,  by  drawing  a distinction,  as  to  temperature,  between  the 
two  surfaces  of  the  plate.  “ It  must  be  borne  in  mind,”  he 
observes,  that  it  is  the  exterior  surface,  along  or  over  which 
the  gases  pass,  and  the  difference  of  temperature  between  such  sur- 
face and  the  heated  gases  passing  over  it,  will  depend  the  rapidity 
with  which  the  latter  will  impart  their  heat  to  the  former.” 
This  assuredly  is  not  the  case. 

It  may  be  asked.  Why  draw  a distinetion  between  the  tem- 
perature of  the  exterior  and  interior  surfaces  of  the  plate  (as  if 
there  could  be  any  important  difference),  while  no  notice  is 
taken  of  that  on  which  the  temperature  of  both  its  surfaces  really 
depends, — namely,  the  character  of  the  recipients  of  the  heat  ? 

In  this  dictum  we  have  proof  of  the  prevailing  error  of 
assuming  that  the  recipient  of  the  heat  will  always  be  water, — 
that  it  will  always  be  present, — and  always  in  contact  with  the  plate. 
This,  however,  is  pre-supposing  the  very  thing  at  issue, — ^the 
very  fact  which  experience  denies.  If  indeed  such  were  really 
the  case,  it  would  be  a matter  of  perfect  indifference  what 
might  be  the  degree  of  heat  to  which  the  plate,  or  its  external 
surface,  might  be  exposed ; inasmuch  as  all  the  heat  that  possi- 
bly could  be  presented  to  it,  would^pass  to  the  water  as  rapidly 
as  it  could  be  received,  and  no  possible  injury  could  take  I>lace. 
The  temperature  of  the  plate,  in  truth,  only  becomes  an  object  of  atten- 
tion when  there  is  a want  of  adequate  circulation  of  the  water,  and 
consequently,  a deficiency  or  delay  in  its  obtaining  contact  with 
the  heated  plate  surface.  In  such  case,  steam  must  necessarily 
be  compelled  to  act  the  part  of  the  recipient,  by  occupying  the 
place  where  the  water  should  have  been,  but  whose  function  it 
is  so  ill  qualified  to  discharge. 

It  is  here  manifest  that  as  the  heat  absorbing  power  of  steam  is 
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so  inferior  to  that  of  ivat&r,  a much  less  quantity  will  be  taken 
up,  in  given  times,  by  the  former  than  by  the  latter.  Again, 
since  no  more  heat  can  be  transmitted  through  the  plate,  from  the 
one  side  than  can  he  taken  from  it  hy  the  recipient  on  the  other, — 
the  transmitting  power  of  any  given  surface  must  be  absolutely 
dependent  on  the  ahsorhing  power  of  that  recipient,  whether  it 
' be  oil,  water,  steam,  or  air. 

Water,  we  have  seen,  will  absorb  more  heat  than  steam.  The 
quantity  taken  up,  therefore,  will  be  regulated,  not  by  the 
difference  of  temperature  between  the  plate  surface  and  the 
heated  gases  passing  over  it  or  along  it,” — but  by  the  capacity 
of  the  receiving  hody,  whatever  it  may  he,  for  ahsorhing  it.  If, 
however,  from  any  circumstance,  the  water  be  prevented  or 
delayed  in  gaining  access  to  the  plate,  the  steam  will  in  a like 
degree  be  obstructed  in  leaving  it ; the  presence  of  the  former 
being  the  very  means  by  which  the  latter  will  be  effected.* 
Thus  the  heat  which,  in  such  case,  cannot  be  taken  from  the 
plate,  must  remain  in  the  plate, — its  function  being  then 
changed  from  that  of  a transmitter,  to  that  of  an  ahsorher  ; the 
whole  process  of  evaporation  being  then  deranged,  as  will  be 
seen  when  we  come  to  the  consideration  of  the  causes  which 
affect  its  durahility. 

Again,  the  mechanical  structure  of  the  two  bodies  (water  and 
steam),  has  much  to  do  with  the  quantity  of  heat  absorbed. 
Water  is  composed  of  an  infinity  of  atoms  so  minute  as  to  be 
utterly  inappreciable.  Now  this  very  circumstance  multiplies  to 
an  extraordinary  extent,  its  points  of  contact  with  the  heat 
transmitting  surface.*^  Steam,  on  the  other  hand,  is  a series  of  * 
inflated  globules,  each  of  which  is  1800  times  larger  than  the 
atom  of  water  from  which  it  proceeded ; necessarily  producing 
greater  difficulty  of  access  to  the  plate,  and  fewer  points  of 
contact  with  its  surface. 

* The  celerity  with  which  heat  is  communicated  from  hotter  bodies  to 
colder  ones,  when  all  other  things  are  equal,  is  proportional  to  the  extent  of 
contact  and  closeness  of  communication  between  the  bodies. — Thompson  on 
Heat  and  Electricity. 
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This  very  fact,  then,  supplies  a scale  by  which  we  are  enabled 
to  appreciate  the  superior  facilities  of  contact  which  water 
possesses  over  steam — if  due  circulation  be  obtained ; and  the 
greater  rapidity  with  which  the  former  is  enabled  to  take  up 
heat,  and  its  enlarged  capacity  for  retaining  it. 

We  have  next  to  consider  the  relation  which  circulation  has 
to  the  durability  of  the  plate  itself. 


Ik. 


CHAPTER  XII. 


OF  THE  CIRCULATION  OF  THE  WATER  IN  RELATION 
TO  THE  DURABILITY  OF  THE  PLATES. 

Having  considered  the  circulation  of  the  water  as  regards 
evaporation ; distinguishing  the  separate  functions  of  the  heat 
transmitter , and  the  heat  recipienty  we  have  now  to  examine  its 
bearing  on  the  durability  of  the  plates. 

In  the  first  marine  boilers,  the  flues  were  made  deep  with  nar- 
rotv  water  spaces,  usually  about  four  Inches  wide.  The  object 
then  was  to  combine  the  two  essentials,  — adequate  length  of 
run  in  the  flue,  with  sufficient  heating  surface.  Among  the 
disadvantages  of  this  arrangement  of  the  flues  was,  the  recur- 
rence of  injury  to  the  plates  in  the  region  of  the  furnaces  by 
becoming  over-heated.  Although  this  evil  of  over-heating  con- 
tinues to  be  experienced,  the  direct  cause  of  it  has  remained 
without  due  inquiry.  Its  recurrence  was  usually  attributed  to 
neglect  on  the  part  of  the  fireman,  or  the  want  of  suflScient 
water  in  the  boiler ; hence  more  importance  was  attributed  to 
the  necessity  of  having  “ careful  and  experienced  stokers,” 
than  to  the  remedying  the  defective  construction  of  the  boiler 
itself. 

If  the  water  indicated  a level  above  the  flues y all  was  con- 
sidered right,  and  no  thought  was  given  to  the  possibility  of 
its  being  deficient  below  or  around  them.  Yet  experience  has 
shewn,  that  although  everything  indicated  a proper  height  of 
water  in  the  boiler,  the  plates,  particularly  those  connected 
with  the  furnaces,  were,  nevertheless,  subject  to  be  over-heated 
and  injured.  In  such  cases,  if  the  iron  was  laminated,  or 
otherwise  of  inferior  quality,  it  became  cracked,  or  burned  into 
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holes.  This  state  of  things  was  strikingly  illustrated  in  the 
boilers  of  the  “ Gf-reat  Liverpool”  steam  ship,  on  her  first  voyage 
to  New  York,  in  1842.  The  engineer,  observing  the  side  plates 
of  the  furnaces  constantlyj  giving  way,  — some  bulging  and 
others  cracked  and  leaking,  and  even  burnt  into  holes,  although 
there  was  always  a sufficient  height  of  water  in  the  boiler,  sus- 
pected something  had  interfered  to  keep  the  water  from  the 
plates,  and  with  the  view  of  testing  it,  introduced  an  inch  iron 
pipe  from  the  front  into  the  water  space  between  two  of  the 
furnaces.  This  at  once  brought  the  source  of  the  evil  to  notice, 
for  although  the  glass  water-gauge  always  indicated  a sufficient 
height  of  water  within , yet  nothing  issued  through  the  pipe  but 
steam,  so  long  as  the  boiler  was  in  full  action. 

This  fact  unmistakably  shewed  that  the  over-heating  of  the 
plates  was  unconnected  with  the  duties  of  the  fireman,  and  was 
the  result  of  insufficient  circulation,  depriving  the  deep  narrow 
flue-spaces  of  an  adequate  supply  of  water.  There  was  then, 
manifestly,  no  remedy  for  this  continually  recurring  evil,  and  a 
new  boiler  became  necessary. 

Here  then  was  the  exact  case  suggested  by  Mr.  Murray,* 
when  he  says,  It  is  a point  of  the  utmost  importance  that  no 
part  of  the  heating  surface  of  a boiler  should  be  so  situated  that 
the  steam  may  not  readily  rise  from  it  and  escape  to  the  surface ; 
since  the  plate,  if  left  in  contact  with  steam  instead  of  water,  becomes 
unduly  heated  and  destroyed.’’ 

Now,  we  overlook  the  fact,  that  the  only  remedy  against  this 
source  of  injury  is,  providing  adequate  circulation  of  the  water, 
since  the  steam  cannot  rise  from  the  plate  surface f and  must 
remain  in  contact  with  it,  until  water  or  other  globules  of  steam 
take  its  place  and  force  it  upwards ; consequently,  if  the  ap- 
proach of  the  water  be  slow,  so  must  be  the  rise  of  the  steam. 
There  can  be  no  vacuum ; no  interval  between  the  approach  of 
the  one  and  the  escape  of  the  other.  Either  ivater  or  steam  must 
be  at  all  times  in  contact  with  the  plate  : the  relative  time, 
occupied  by  either  in  obtaining  this  contact,  will  therefore  de- 

* Treat'ise  on  the  Marine  Engine,  by  Robert  Murray,  C.  E.  London, 
John  Wcale. 


156 


cide  the  question  of  the  amount  of  evaporation,  and  the  tem- 
perature of  the  plate. 

The  important  point  then  for  inquiry  is,  Why  was  the  plate 
thus  left  in  contact  with  steam  instead  of  water?  There  was 
here  no  apparent  impediment  to  the  steam  rising  to  the  surface. 
There  was,  however,  as  we  shall  see,  extraordinary  difficulty  of 
access  to  the  water  to  dislodge  the  steam ; and,  as  Dr.  lire  ob- 
serves, it  must  remain,  until  forced  upwards  hy  colder  and  heavier 
atoms  of  water. 

As  the  details  of  this  boiler  of  the  LiverpooV^  will  afford  op- 
portunities for  comment,  much  of  what  is  practically  necessary 
for  promoting  circulation,  they  are  here  annexed. 


Fig.  93. 
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Fig.  93  is  a plan  of  the  boiler,  shewing  the  ten  furnaces, 
and  the  narrow  water-ways  separating  the  series  of  narrow 
flues. 

Fig.  94  is  a section  from  A to  B,  shewing  the  water  spaces  of 
5 feet  deep  by  4 inches  wide,  and  the  direction  in  which  the 
water  approached  the  side  and  crown  plates  of  the  furnaces. 
The  hottom  horizontal  water-space  is  here  seen,  of  hut  5 inches 
deep,  and  from  which  all  the  vertical  spaces  were  to  he  supplied. 
This  bottom  space  was  also  found  to  be  much  obstructed  by 
sediment  and  other  deposit.  Here  we  see  the  direction  the 
water  had  to  take  in  its  downward  course  was  through  one 
narrow  four-inch  space;  and  then  to  be  distributed  over  the 
bottom  area  of  above  500  square  feet  in  its  way  to  the  vertical 
spaces  between  the  furnaces  and  flues. 

Fio;.  95  is  a section  across  the  furnace  end  of  the  boiler, 
from  C to  D,  shewing  the  eleven  narrow  water  spaces,  and  into 
one  of  which  the  trial-pipe  was  introduced,  as  already  men- 
tioned. 

Fig  96  is  • a cross  section  of  the  after-part  of  the  boiler, 
from  E to  F,  shewing  the  sixteen  water  spaces  between  the 
flues. 

It  may  here  be  observed,  that  the  side  plates  of  the  ten  fur- 
naces, which,  as  being  the  hottest,  required  the  largest  supply 
of  water,  were,  necessarily,  the  worst  supplied,  being  Wvq  farthest 
from  the  narroio  downward  current  at  the  hack  end.  It  is  here 
manifest  that  the  furnace  side-plates  could  not  have  been 
adequately  supplied  with  water,  to  take  the  place  of  the  great 
volume  of  steam  generated  from  their  surfaces,  and,  con- 
sequently, that  the  steam  must  have  been  retained  in  contact  with 
them.  It  can  no  longer  then  be  a matter  of  surprise  that  the 
sides  of  the  furnaces  became  over-heated  and  injured. 

In  this  boiler,  the  ten  furnaces  being  all  at  one  end,  the 
water  taking  the  coolest  place  for  its  descent,  would  naturally 
flow  along  the  surface  from  front  to  rear,  as  shewn  by  the 
arrows.  Fig.  94.  (The  construction  of  this  boiler,  as  regards 
what  takes  place  within  the  flues,  will  be  further  noticed  in  the 
Chapter  on  Draught.^') 


Fig.  94. 


Fig.  95. 
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The  first  boilers  of  the  Great  Britain'^  Steamer  give  another 
illustration  of  the  difficulty  the  water  had  to  encounter  in  ob- 
taining access  to  the  vertical  spaces,  and  the  thirty-six  crown 
surfaces  of  that  number  of  flues  as  shewn  in  Fig.  97.  The 
lower  or  furnace  range  of  the  triple  tiers  of  flues  was  5 
feet  deep,  the  second  4 feet,  and  the  third  3 feet ; the  nu- 
merous vertical  water-ways,  though  but  4 inches  wide,  had  an 
aggregate  of  no  less  than  12  feet  deep.  No  adequate  or  sepa- 
rate space,  however,  was  provided  for  the  downward  current  of 
the  great  quantity  of  water  that  must,  momentarily,  have  been 
required  to  supply  so  many  ascending  currents ; the  conse- 
quence was,  that  the  ascending  steam  had  to  struggle  against 
the  descending  current  of  the  water,  while  the  latter,  in  its  way, 
was  obstructed  in  reaching  the  plate-surface.  Thus,  the  rapid 
generation  of  steam,  and  free  access  of  the  water  to  the  plates, 
were  both  impeded  in  their  respective  functions. 


Fig.  97. 
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Another  source  of  injury  supposed  to  arise  from  the  thichness 
of  the  platesy  here  merits  attention.  On  this  head  Mr.  Crad- 
dock, advocating  the  use  of  thin  plates,  but  overlooking  the 
question  of  circulation,  and  the  character  of  the  recipient  of  the 
heat,  falls  into  the  common  error.  “We  know,”  he  observes, 
“ that  boiler-plates  of  § or  ^ inch  thick,  are  often  heated  very 
considerably,  on  their  exterior,  above  the  temperature  of  the  water  in 
the  boiler.  This  is  known  to  take  place  to  such  an  extent, 
practically,  as  rapidly  to  deteriorate  such  parts  of  the  boiler.” 

How  this  extraordinary  alleged  fact  has  been  ascertained  does 
not  appear.  Yet,  a dictum,  so  opposed  to  all  experience, 
should  have  been  supported  by  experiments  or  proof. 

Now,  this  supposed  heating  and  deterioration  of  the  plates, 
must  either  be  a constant  or  an  occasional  effect.  The  former, 
we  know  it  is  not.  The  latter,  therefore,  must  have  been  the 
result  of  some  unusual  and  disturbing  cause,  but  which  he  has 
not  explained.  It  is  this  cause  which  has  been  overlooked,  and 
which  here  demands  special  inquiry. 

No  doubt,  plates  are  often  over-heated  and  deteriorated ; as- 
suredly, however,  it  has  not  been  owing  to  their  thickness.  Indeed, 
when  over-heating  does  occur,  thickness  is  a positive  protection. 
It  may  then  be  taken  for  granted,  that,  as  to  the  plate  being 
injuriously  heated,  such  is  absolutely  impossible,  if  the  water  be 
in  contact  with  it.  This,  then,  is  the  practical  point  involved  in 
the  question  of  circulation. 

Further,  he  observes,  “We  have  not  good  data  from  which 
to  draw  unexceptionable  conclusions  as  to  the  absolute  dif- 
ference of  temperature  between  the  external  surface  of  the  boiler- 
plates, or  tubes  of  different  thicknesses,  with  an  intense  fire 
acting  on  them  and  the  water  they  contain.'’  Certainly  we  have 
no  such  data,  since*no  appreciable  difference  can  possibly  exist 
between  the  temperature  of  the  plates,  and  the  water  in  contact 
with  them. 

The  true  question  here  is,  whether  the  water  was  or  was  not  in 
contact  with  the  plates  f It  is  manifestly  the  overlooking  this  all 
important  point,  or  the  assuming  that  the  water  had  such  con- 
tact, in  fact,  begging  the  whole  question,  that  has  led  to  the 
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error  of  drawing  a distinction  between  the  temperature  of  the 
two  surfaces  of  the  plate.  Such  a distinction,  however,  would 
be  directly  at  variance  with  the  laws  of  conduction,  as  it  as- 
sumes a degree  of  congestion  of  the  heat  on  the  one  side,  and  of 
exhaustion  on  the  other,  although  the  distance  the  heat  would 
have  to  travel  would  be  but  half  an  inch.  This  possible  in- 
jury to  iron  plates,  continuing  to  be  thus  asserted,  demands 
a further  inquiry. 

Numerous  authorities  might  here  be  quoted;  it  will,  how- 
ever, be  sufficient  to  say,  that  had  any  such  fact  been  -proved,  it 
could  not  have  escaped  the  attention  of  Dr.  Lardner.*  On  this 
head,  he  only  confirms  what  the  highest  authorities  have  stated, 
when  he  asserts  that  a vessel  cannot  be  injured  by  heat,  so  long 
as  it  contains  any  liquid ; that  is,  so  long  as  the  liquid  is  in  con- 
tact with  it. 

That  the  transmitting  plate  cannot  be  ‘‘  unduly  heated  or 
destroyed,”  where  the  recipient  of  the  heat  is  water,  may  be 
tested  in  many  ways.  Water  may  be  boiled  in  an  egg  shell,  or 
in  a vessel,  the  bottom  of  which,  though  made  of  card  paper, 
will  not  be  injured.  That  the  temperature  of  an  iron  vessel  of 
even  half  an  inch  in  thickness,  containing  boiling  water,  cannot 
be  much,  if  any,  above  that  of  the  water,  may  be  tested  by 
applying  the  fingers  to  it,  immediately  on  being  removed  from 
even  an /^intense  fire.”  In  fact,  the  temperature  will  rather 
appear  to  increase  after  its  removal  from  the  fire.  The  reason  is 
obvious : — the  heat  being  so  rapidly  taken  up  and  absorbed 
by  the  water,  its  current  through  the  plate  must  necessarily  be 
equally  rapid.  On  removal  from  the  flame,  however,  the  ex- 

* “ The  absorption  of  heat,”  the  Dr.  observes,  “ in  the  process  by  which 
liquids  are  converted  into  steam,  will  explain  why  a vessel  containing  a liquid, 
though  constantly  exposed  to  the  action  of  the  fire,  can  never,  while  it  con- 
tains any  liquid,  receive  such  a degree  of  heat  as  might  destroy  it.  A tin 
kettle  containing  water  may  be  exposed  to  the  action  of  the  most  fierce  fur- 
nace, and  yet  the  tin,  which  is  a very  fusible  metal,  will  remain  uninjured. 
The  heat  w'hich  the  fire  imparts  to  the  kettle  is  immediately  absorbed  by  the 
bubbles  (atoms)  of  water  which  are  converted  into  steam,  at  the  bottom,  and 
rendered  latent  in  them.  So  long  as  the  water  is  contained  in  the  kettle,  this 
absorption  continues;  and  it  is  impossible  that  the  temperature  of  the  kettle 
can  exceed  the  temperature  of  boiling  water. 
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terior  surface,  then  receiving  no  further  supply  or  increment  of 
heat,  is  instantly  reduced  in  temperature ; the  current  through 
the  plate  then  becomes  reversed,  and  passes  from  the  inside  to  the 
outside.  The  water  side  being  absolutely  the  hottest,  a new 
equilibrium  is  established,  equal  to  that  of  the  water  at  212°.* 


Fig.  98. 


Fig.  99. 


* For  the  purpose  of  putting  this  to  the  severest  test,  an  iron  vessel  with  a 
flat  bottom  and  half-inch  thick  plate  was  placed  over  a furnace,  expressly 
constructed,  so  that  it  might  be  exposed  to  a very  great  heat  from  a coke  fire, 
urged  by  a strong  blast:  the  rapidity  of  the  ebullition  was  extreme.  It  was  so 
arranged,  that  it  could  be  suddenly  removed  from  the  furnace,  and  the  tem- 
perature of  the  bottom  instantly  ascertained  by  the  touch  of  the  fingers.  This 
was  done  repeatedly,  yet,  on  all  occasions,  it  scarcely  ajipeared  to  have  the 
temperature  of  boiling  water. 
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The  figures  opposite  represent  vessels  of  half-inch  iron,  both 
filled  with  water,  in  the  act  of  boiling  over  a powerful  flame. 
In  Fig.  98,  the  course  of  the  heat  is  shewn  by  the  arrows  pass- 
ing from  the  flame  through  the  half  inch  of  iron  to  the  water 
inside  for  the  formation  of  steam.  In  Fig.  99,  the  vessel  is  sup- 
posed to  have  been  suddenly  removed  from  the  flame  ; the 
arrows  shew  the  then  reversed  direction  of  the  current  of  heat 
from  the  water  side,  where  it  continues  at  212°,  to  the  out- 
side, where  it  would  soon,  otherwise,  have  been  cooled  by  the 
lower  temperature  of  the  air. 

As  to  the  plate  remaining  at  a safe  and  comparatively  low 
temperature,  there  can  be  no  doubt,  seeing  that  oxidation  or 
injury  does  not  take  place  in  iron,  until  it  has  reached  that  of 
redness,  and  which  never  can  occur  so  long  as  water  is  in  con- 
tact with  it.  When,  therefore,  the  assertion  is  made,  that 
plates  have  been  heated  so  considerably  above  the  temperature 
of  the  water  as  to  be  rapidly  deteriorated,  this  could  only  be 
made  on  the  assumption,  that  water  was  in  contact  with  the 
plate,  but  which  was  not  the  case,  as  in  the  boilers  of  the 

Grreat  LiverpooV^  already  mentioned.* 

A conclusive  illustration  of  the  fact,  that  the  plates  are,  in  no 
way  aflfected  by  thickness  or  temperature,  is  afforded  by  finding, 

I that  in  breaking  up  old  boilers,  those  parts  which  were  exposed 
||  to  the  most  intense  heat  and  direct  impact  with  the  flame,  have 
: continued  sound,  and  wholly  undeteriorated  when  the  water 
‘ had  free  access  to  them. 

With  the  view  of  testing  the  superior  heat-absorbing  faculty 
of  water,  numerous  experiments  were  made : the  result  is  the 
following  tabular  view,  which  sufficiently  approximates  the  re- 
lative effect  of  the  several  classes  of  recipients  to  which  the 
plates  of  a boiler  may  be  exposed.  Supposing  then  that  the 
heat-transmitting  power  be  taken  at  1000°,  the  portion  that 

* Dr.  Ure  gives  a remarkable  illustration  of  the  little  effect  caused  by  the 
thickness  of  the  plate,  if  the  water  be  in  contact  with  it ; stating  that  he  had  ' 
experimented  with  plates  of  twelve  times  the  thickness  of  others  without 
producing  any  injurious  effect. 
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will  be  absorbed,  in  given  times,  by  the  following  recipients, 
may  be  estimated  as  follows : — 


Nature  of  the' recipient. 


Water 

Water  and  Steam 

Steam 

Air  . 


Heat  received  by  Portion  of  the  heat  Portion  of  tlie 
the  plate  transmitted  heat  remaining 

in  given  times.  by  the  plate.  in  the  plate. 


1,000° 

1,000° 

none. 

o 

o 

o 

o 

800° 

200° 

o 

O 

o 

o 

600° 

400° 

1,000° 

400° 

600° 

Thus,  a given  area  of  plate  surface,  after  it  has  received  its 
own  status  of  temperature,  will  transmit  the  entire  1,000  de- 
grees it  had  received,  if  the  recipient  be  water.  If,  however,  it 
be  steam,  600°  only  will  be  taken  from  it,  the  remainder,  400°, 
necessarily  remaining  in  the  plate,  there  to  accumulate  and  increase 
in  temperature,  in  proportion  to  the  intensity  of  the  flame. 

So,  if  the  recipient  be  air,  400°  only  will  be  taken  from  the 
plate,  leaving  800°  to  accumulate.  From  this  we  learn  how 
the  absorbing  faculty  of  the  recipient  regulates  and  controls  the 
transmitting  action  and  temperature  of  the  plate,  and  the  ex- 
tent to  which  it  will  be  exposed  of  being  unduly  heated.  The 
want,  then,  of  free  and  adequate  means  of  circulation  of  the 
water,  and  an  unobstructed  access  to  the  plate,  so  that  it  may, 
at  all  times,  be  the  recipient,  may  be  taken  as  the  chief,  if  not 
the  only  cause  of  their  deterioration  through  oner-heating ; and 
wholly  irrespective  of  thickness,  or  the  degree  of  heat  to  which 
it  may  be  exposed.  The  temperature  and  durability  of  the 
plate  will,  therefore,  be  in  the  inverse  ratio  of  the  rapidity  of  the 
current  of  heat  passing  through  it,  while  such  transmitting  cur- 
rent will  be  in  the  direct  ratio  of  the  absorbing  poiver  of  the 
recipient,  whether  it  be  water,  steam,  or  air,  or  a mixture  of 
either. 


CHAPTER  XIII. 


OF  THE  DRAUGHT. 

The  Draught,  or  current  of  air  passing  through  a furnace,  ia 
occasioned  by  the  difference  in  weight  between  the  column  of 
air  within  the  chimney,  and  that  of  an  external  column  of  the 
same  proportions, — the  “ ascent  of  the  internal  heated  air,”  as 
Dr.  Ure  observes,  “ depending  on  the  diminution  of  its  specific 
gravity, — the  amount  of  unbalanced  weight  being  the  effective 
cause  of  the  draught.”  Since,  then,  this  levity  of  the  inside 
air  is  the  result  of  increased  temperature,  the  question  here  for 
consideration  is,  how  that  temperature  may  be  obtained  with 
the  least  expenditure  of  fuel. 

In  marine  boilers  numerous  cases  of  deficiency  of  draught 
will  be  found  to  arise  from  an  injudicious  arrangement  of  the 
flues,  and  the  conflicting  currents  of  the  heated  products  within 
them. 

Notwithstanding  the  importance  of  the  subject,  still  but  little 
attention  has  been  given  to  the  causes  of  these  currents  and  de- 
ficient draught.  M.  Peclet  having  examined  the  subject  with 
great  care  and  practical  research,  his  details  are  so  copious, 
and  his  remarks  so  much  to  the  point,  that  it  will  be  well  to 
give  them  due  attention,  and  the  more  so  as  the  subject  has 
not  hitherto  been  examined  by  any  writer  in  England. 

Among  the  inconveniences  experienced,  a prominent  one 
may  here  be  mentioned,  as  being  of  frequent  occurrence, 
namely,  a deficient  draught  in  the  side  or  wing  furnaces  of 
boilers. 

M.  Peclet  observes,  Where  several  tubes  or  flues  open  into 
one  common  flue,  the  currents  are  continued  beyond  their  ori- 
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fices,  and  by  their  mutual  action,  affect  or  modify  their  re- 
spective forces.  If,  for  example,  two  flues,  A and  B,  (see 
Fig.  100)  enter  the  common  flue  C,  by  orifices  opposite  each 
other,  the  influence  of  their  currents  on  each  other  will  be  nil, 
if  they  have  equal  rapidity ; because  the  whole  will  pass  as  if 
they  had  struck  against  a plane  fixed  between  them.  If,  how- 
ever, the  currents  be  unequal,  that  which  has  the  greatest  rapidity 
will  reduce  the  speed  of  the  other,  and  more  or  less  have  the  ef- 
fect of  closing  the  orifice  through  which  the  latter  flowed.” 

Fig.  100. 


c 


Fig.  101. 


c 


D 


“ So  many  proofs  of  this,”  he  adds,  may  be  adduced,  as  to 
put  the  fact  beyond  doubt.”  These  streams  of  air,  he  con- 
tinues, in  this  respect,  act  on  each  other  as  streams  of  water. 
It  is  already  known  by  the  experiments  of  Savart,  that  where 
two  streams  of  water,  of  the  same  sectional  area,  act  in  opposite 


directions,  and  that  one  of  them  has  even  but  a little  more  speed 
than  the  other,  the  latter  is  pushed  back,  and  the  influence  felt 
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up  to  its  source.  The  result  of  this  collision  in  the  Hue  may  be 
avoided  by  the  Diaphragm  D (Fig.  101).”  Such  conflicting 
currents  may  be  found  in  almost  all  marine  boilers,  yet  pass 
unnoticed,  even  where  the  draught  is  manifestly  deficient  in 
consequence. 

Again,  Phenomena  of  the  same  kind  will  be  produced 
where  the  courses  of  two  flues  are  at  right  angles  to  each  other, 
as  in  Fig.  102.  These  effects  may  also  be  avoided  by  the 
Diaphragm  D (Fig.  103).”  This  also  is  of  frequent  occurrence, 
and  seriously  affects  the  general  draught,  as  will  hereafter  be 
shewn. 

Fig.  102.  Fig.  103. 


Again,  Where  the  chimney  or  flue  is  common  to  several 
furnaces,  the  arrangement  should  be  sucli  that  the  streams,  or 
currents,  of  heated  gas,  should  not  interfere  with  each  other. 
Fig.  104:  represents  the  arrangement  that  should  be  adopted  in 
such  cases.”  It  is  needless  to  observe  how  frequent  this  state 
of  things  occurs,  and  how  little  attention  is  given  to  it. 


Fig.  104:. 


168 


“ So,  where  a current  of  hot  products  issues  horizontally  into 
a chimney,  it  may  happen  that  its  draught  would  be  entirely 
destroyed,  if  the  rapidity  of  such  current  was  considerable,  as  it 
would  then  have  the  effect  of  shutting  the  chimney  like  a dam- 
per.” He  then  describes  what  occurred  at  a soda  manufactory, 
with  a chimney  for  general  draught,  which  he  had  to  construct, 
and  which  was  also  connected  with  a flue  from  another  appa- 
ratus, as  shewn  in  Fig.  105.  In  this  case,  the  current  from 
the  one  flue  completely  neutralized  that  of  the  other.”  This 
he  remedied  by  the  partition  P. 


Fig.  105. 


Again,  where  three  flues  enter  a funnel  from  three  diffei’ent 
^points,  it  is  evident,  he  observes,  that  the  diaphragms  should 
be  so  placed  as  to  leave  each  current  an  adequate  section  of 
the  chimney,”  as  in  Fig.  106.  The  circumstance  here  referred 
to  may  be  found  to  exist  in  almost  all  marine  boilers.  Rarely, 
however,  is  the  interposition  of  these  diaphragms  thought  of, 
yet  numerous  instances  of  the  derangement  of  the  draught, 
particularly  of  the  wing  boilers,  must  be  within  the  knowledge 
of  all  engineers. 
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Let  US  now  apply  these  judicious  practical  observations.  The 
first  boilers  of  the  “ Great  Britain, screw  steamer,  are  in  point. 
The  arrangements  of  these  boilers  have  already  been  noticed 
with  reference  to  their  impeding  the  due  circulation  of  the  water. 
We  have  now  to  consider  them  in  respect  to  their  influence  on 
the  draught. 

In  these  boilers,  attention  was  given,  almost  exclusively,  to 
two  objects : — providing  the  largest  possible  amount  of  fire- 
grate areas,  and  the  largest  aggregate  of  internal  heating  surface. 
As  to  the  former,  almost  the  entire  area  of  these  large  boilers 
may  be  compared  to  an  aggregate  of  furnaces.  Nevertheless, 
there  was  no  command  of  steam,  and  the  engineer  stated,  that 
the  wing  boilers  were  unequal  in  draught  to  the  centre  ones. 
The  deficiency  of  draught  in  the  furnaces  of  the  side  boilers 
will  easily  be  accounted  for  on  examining  the  plan  of  the  upper 
tier  of  flues,  and  the  numerous  collisions  where  the  heated  pro- 
ducts from  twenty-four  large  furnaces  entered  the  funnels,  as 
shewn  in  Fig.  107. 


170 


Fig*  107. 


The  flues  from  the  four  furnaces  of  each  wing  boiler,  are  here 
made  to  enter  one  common  cross  flue — each  thwarting  the  cur- 
rent of  the  preceding  one.  No.  1 being  checked  by  No.  2 — 
which  crosses  it  at  right  angles — which,  in  its  turn,  was  checked 
by  No.  3,  and  so  on — the  same  mal-arrangement  taking  place 
in  each  of  the  sixteen  flues  of  the  four  wing  boilers.  These,  it 
will  be  seen,  are  the  direct  cases  adduced  by  M.  Peclet,  where 
the  products  and  current  from  one  flue  act  as  a damper  on  the 
draught  of  its  preceding  one. 

Again,  the  joint  products  of  the  four  flues  of  each  wing  boiler 
are  made  to  enter  the  funnel  by  a single  opening,  which  is  not 
only  at  right  angles  with  the  flues  from  the  four  centre  boilers, 
but  directly  opposite  to  those  of  the  wing  boilers  on  the  other  side. 
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Thus  the  flues  of  no  less  than  eight  furnaces,  all  entering  by  a 
single  opening,  are  brought  into  direct  collision  with  those  of 
the  other  four,  and  in  the  most  certain  way  to  affect  the 
drauo'ht  of  all.  Here  we  have  a combination  of  the  evils  re- 

o 

ferred  to  by  M.  Peclet. 

The  case  of  the  boilers  of  the  Great  Liverpool,  is  a still 
greater  violation  of  the  rules  which  should  regulate  the  draught. 
Here,  there  being  but  a single  tier  of  flues,  the  required  aggre- 
gate of  heating  internal  surface  was  obtained  by  the  labyrinth 
of  windings  shewn  in  Fig.  108. 


Fig.  108. 


I 
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In  the  first  place,  the  flames  from  the  three  centre  furnaces 
of  each  half  of  the  boiler  arc  forced  into  a single  flue  of  but 
13|  inches  wide,  as  shewn  by  the  arrows.  Again,  the  gaseous 
products  of  each  set  of  three  centre  furnaces,  and  which  are 
necessarily  the  more  powerful,  are  made  to  enter  the  single 
back  flue  at  right  angles,  and  across  the  current  of  products  from 
the  two  wing  furnaces,  as  shewn  by  the  enlarged  view  in 
Fig.  109.  It  is  scarcely  possible  to  conceive  a more  direct  case 
of  collision,  or  a more  effectual  damper  by  the  hotter  and 
larger  current  from  three  furnaces,  on  the  smaller  current  from 
the  two  wing  furnaces.  In  these  boilers,  it  is  manifest  that 
nine-tenths  of  the  steam  was  produced  by  the  plates  in  con- 
nection with  the  furnaces  alone,  and  by  a system  of  continued 
forcing;  the  long  run  of  flues  being  filled  with  dense  black 
smoke. 


Fig.  109. 


A 


From  3 furnaces. 

Ni 

} 

n 


> 


From  2 wing  furnaces. 


A considerable  improvement  was  effected  by  constructing 
furnaces  m as  in  Fig.  110.  This  had  the  important  ad- 

vantage of  rendering  any  interference  with  the  supply  of  air 
unnecessary,  by  giving  uniformity  to  the  quantity  of  gas  pass- 
ing from  the  bridge  to  the  flue;  since,  by  firing  the  two  fur- 
naces alternately,  the  supply  of  gas  is  equalized  on  entering  the 
flue  from  the  bridges. 
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Fig.  110. 


|^//////////////A^^^^ 


This  plan,  it  will  be  seen,  had  the  disadvantage  of  the 
flue  at  the  back  end,  where,  as  M.  Peclet  observes,  the  hotter  or 
stronger  current  will  aliuays  neutralize  the  other.  In  practice,  a 
strong  or  hot  current  of  gaseous  products  will  not,  voluntarily, 
divide  itself,  to  meet  the  arrangements  of  the  flues : the  whole, 
or  nearly  so,  will  pass  either  to  the  one  or  the  other,  in  pro- 
portion to  the  temperature  then  in  the  flue,  or  to  the  length  of 
the  course  each  has  to  run  to  the  funnel. 


Fig.  111. 


The  plan  shewn  at  Fig.  Ill  exhibited  a great  improvement  in 
^ the  former,  and  has  for  many  years  been  found  the  most  efficient 
in  practice. 
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Fig.  112. 
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The  plan,  as  in  Fig.  112,  was  adopted  with  the  view  of  di- 
viding the  gaseous  products,  and  thus  spreading  the  heat  along 
a double  surface.  This,  however,  was  quite  defective,  in  as 
much  as  a gaseous  stream  cannot  be  induced  to  divide  itself 
contrary  to  the  laws  governing  the  currents  of  fluids;  the 
hottest  and  shortest  course  being  always  taken  by  the  gaseous 
products. 


Fig.  113. 


The  plan  of  a land  boiler,  as  in  Fig.  113,  is  that  of  a still 
more  objectionable  effort  to  divide  the  current  into  two  smaller 
flues,  with  the  view  of  increasing  the  internal  surface.  Here,  the 
flue,  after  passing  under  the  cylindrical  boiler,  and  returning 
through  a central  flue,  is  expected  to  divide  itself  into  two 
streams,  one  to  pass  on  each  side  of  the  boiler,  on  their  way  to 
the  chimney.  This  is  the  case  referred  to  by  M.  Peclet.  A 
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commission,  he  observes,  from  the  Socieie  Industrielle  of  tlie 
Grand  Duchy  of  Plesse,  made  a series  of  experiments  to  de- 
termine the  influence  of  the  circulation  of  the  products  of  com- 
bustion round  boilers.  By  these  it  was  proved,  that  the  flue 
passing  round  the  boiler  had  a considerable  effect  on  the  amount 
of  evaporation.  It  was  also  established,  that  if  the  products 
pass  simultaneously  by  the  two  side  flues,  they  will  not  distri- 
bute themselves  equally,  and  ivill  only  pass  by  that  which  presents 
the  least  resistance.* 

On  the  external  circumstances  that  influence  the  draught, 
M.  Peclet  adduces  many  proofs  of  the  importance  of  avoiding 
any  interference  with  the  introduction  of  the  air,  by  reason  of 
the  direction  of  the  wind  outside  the  building.  This  is  a circum- 
stance which  has  excited  no  attention  from  our  engineers.  In 
marine  boilers,  placed  low  down  in  the  vessel,  the  direction  of 
the  wind,  with  reference  to  that  of  the  current  entering  • the 
furnace,  has  often  a considerable  effect  on  the  efficiency  of  the 
combustion.  So,  if  the  wind  is  opposed  to  the  motion  of  the 
vessel  or  the  reverse.  The  importance  of  this  consideration  is 
exemplified  where  the  vessel  contains  two  boilers,  having  their 
furnaces  facing  different  ways.  In  such  case,  according  to  the 
direction  of  the  wind,  or  the  motion  of  the  vessel,  one  boiler 
will  have  a better  draught  than  the  other. 

That  the  relative  direction  of  the  wind,  and  the  vessel,  exer- 
cises a considerable  influence,  is  proved  by  the  fact,  that  the  fur- 
naces in  some  vessels  will  have  a suflicient  draught,  and  gene-  , 
rate  a sufficiency  of  steam,  when  going  head  to  wind,  but  be 
deficient  in  draught  when  going  before  the  wind.  These  cir- 
cumstances merit  more  attention  than  is  given  to  them.  We 
hear  of  the  relative  merits  of  two  steamers  on  a trial  of  speed 
being  determined,  by  a slight  advance  of  the  one  compared  with 

• “ The  hot  air,  after  having  passed  through  the  lower  part  of  the  boiler, 
returns  to  the  front  by  a centre  flue,  and  passes  to  the  chimney  simultaneously 
by  two  side  flues.  By  this  arrangement,  the  heating  surfaces  are  more  avail- 
able, but  it  is  difficult  to  divide  equally  the  hot  air  into  the  two  side  flues. 
Almost  always  the  current  is  greater  in  one  than  in  the  other,  and  the  hot  air 
will  pass  but  through  one  of  them.  In  that  case  it  will  be  necessary  to  have 
registers  at  the  end  of  each.” 
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the  other ; — the  superiority  of  the  former  being  perhaps  attri- 
buted to  the  form  of  the  vessel ; the  true  cause,  however,  often 
* depending  on  the  letter  cormiwmd  of  draught,  and,  necessarily,  a 
better  command  of  steam,  by  which  the  one  was  enabled  to  make 
a revolution  of  the  wheels,  or  screw,  more  than  its  rival.  In  a 
late  discussion  at  the  Society  of  Arts,  on  the  subject  of  the 
prevention  of  smoke,  Mr.  D.  K.  Clark  testified  to  the  ad- 
vantage of  a rapid,  or  rather,  intense  draught,  in  perfecting 
combustion  and  extinguishing  smoke.”  “ This,”  he  observed, 
“ was  the  panacea  he  constantly  held  forth  for  the  universal 
prevention  of  smoke  in  large  furnaces.”  Mr.  Clark’s  views  are, 
unquestionably,  well  founded ; but  the  practical  difficulty  lies 
in  the  obtaining  this  intense  draught,”  or  an  adequacy  of 
draught  for  even  imperfect  combustion,  in  many  marine  boilers. 

The  absolute  command  of  draught  for  the  generation  of  the 
required  quantity  of  steam,  to  enable  the  engines  to  work  to 
their  full  power  being  then  so  essential,  it  becomes  a question 
whether  other  means  than  the  natural  draught  should  not  be  re- 
sorted to ; since,  independently  of  the  uncertainty  in  the 
amount  of  draught,  and  the  consequent  irregularity  in  the 
working  effect  of  the  engines,  the  cost  of  sustaining  that 
draught  may  be  so  much  in  excess  of  what  an  artificial  draught 
would  be. 

. This  branch  of  the  subject  has  excited  little  attention  in  this 
country.  M.  Peclet  has  investigated  it  with  his  usual  care, 
and  his  results  are  worthy  of  record.  “ Where  the  draught,” 
he  observes,  is  created  by  the  expenditure  of  fuel  and  heat, 
the  expense  exceeds  one  fourth  of  the  combustible  used.  If  we 
have  not  the  means  of  otherwise  employing  that  heat,  the 
natural  draught,  by  the  chimney,  is  then  admissible.  If, 
however,  that  heat  may  be  made  available  for  the  purposes  of 
evaporation,  and  if  a draught,  mechanically  obtained,  would  cost 
less,  it  would  then  be  more  advantageous  to  use  it.” 

Among  other  proofs,  he  gives  two  instances  which  establish 
the  fact.  One,  the  hot  baths  on  the  Seine  at  Paris  the  result 
of  which  was,  that  what  was  effected  by  the  labour  of  one  man 
alone,  when  the  draught  was  mechanically  produced,  cost  the 
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value  of  seventeen  men’s  labour  when  produced  by  the  natural 
draught  from  the  heat  of  the  furnace. 

The  second  case  was  that  of  a large  brewery,  where  the 
power  employed  was  that  of  200  horses.  In  this  instance,  a 
ventilator  which  employed  the  power  of  hut  six  horses,  was  sufficient 
to  produce  a draught  equal  to  that  of  bO  horses,  obtained  by  means 
of  the  natural  draught  of  the  chimney  * 

He  then  proceeds  to  consider  the  relative  merits  of  the  seve- 
ral descriptions  of  ventilators ; and  comes  to  the  conclusion,  that 
the  rotary  fan  with  plain  wings,  but  with  the  excentric  mo- 
tion, is  to  be  preferred.  The  mode  recommended  for  its  appli- 
cation is  given  in  Fig.  1 14,  where,  by  means  of  an  exhausting  fan, 
the  heated  products  were  directed  into  the  ordinary  chimney 
shaft. 

Fig.  114. 


» Mr.  Prideaux,  in  his  rudimentary  treatise,  observes,  “ However  coin- 
j patible  with  the  objects  sought  to  be  attained  may  be  the  plan  of  keeping  up 
the  draught  through  a fire,  by  the  instrumentality  of  a chimney,  where  slow 
combustion  only  is  required,  as  in  the  case  of  a domestic  grate,  or  the  Cornish 
boiler : whenever,  on  the  contrary,  raj)id  combustion  and  intense  heat  are  a 
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This  opens  a new  field  of  inquiry,  and  which  is  far  more  im- 
portant than  any  question  arising  from  the  mere  relative  cost 
of  the  natural  or  mechanical  draught,  the  best  constructed  boilers 
not  unfrequently  being  insufficient,  from  the  mere  circumstance 
of  a deficient  draught. 

Impressed  with  the  importance  of  the  subject,  several  ex- 
periments by  means  of  a fan  apparatus,  worked  by  a small 
steam  engine,  were  then  made.  The  arrangement,  as  described 
in  Fig.  115,  also  afforded  the  means  of  deciding  many  important 
points  connected  with  the  length  of  run,— the  working  tempe- 
rature in  the  fiue,  and  that  of  the  escaping  products  at  the 
chimney.  In  this  Fig.  A represents  the  boiler,  15  feet  long, 
with  an  upper  returning  flue,  having  its  own  chimney  A'  fur- 
nished with  a thermometer  C,  and  a damper  D,  Houldsworth’s 
pyrometer  P,  being  connected  with  the  return  flue  farthest 
from  the  furnace.  Two  sight  apertures  were  introduced, — the 
one  at  S,  opposite  the  furnace,  to  observe  the  action  of  the  air, 
introduced  through  the  door  and  air-box  above  it,  as  already 
described ; the  other  S'  looking  into  the  upper  flue. 

To  test  the  practicability  of  converting  the  great  heat  which 
escaped  by  the  chimney,  an  auxiliary  boiler  B was  attached, 
by  means  of  a continuation  flue  E,  and  furnished  with  a sepa- 
rate chimney  B,  with  an  exhausting  fan  F,  to  produce  an  in- 
creased draught.  This  auxiliary  boiler  had  two  thermometers, 
to  ascertain  the  temperature  of  the  escaping  products,  C'  and 
C",  and  a damper  D',  so  that  the  two  boilers  might  be  used 
separately  or  conjointly. 

desideratum,  such  a system  can  only  be  carried  out  by  an  enormous  waste  of 
fuel.  I shall,  no  doubt,  excite  general  surprise,  and  perhaps  some  incredubty, 
when  I state  that,  from  a calculation  I entered  into  on  the  subject,  I find  that 
1 lb.  of  coal,  expended  through  the  mechanical  agency  of  a steam  engine, 
will  generate  more  force,  and,  consequently,  is  capable  of  producing  a stronger 
current  of  air,  than  500  lbs.  of  coal  expended  in  heating  a column  of  air,  to 
act  by  its  diminished  specific  gravity  through  a chimney  35  feet  high. 
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IliXpciinicnts  with  the  auxiliary  boiler  and  exhausting  fan 
draught : — 

o 


Experiments. 

Coal  used 
per  hour. 

Water 
evaporated 
per  hour. 

Water 
evaporated 
per  lb.  of 
Coal. 

Pyrome- 
ter heat 
in  flue. 

Tempera- 
ture of 
heat  es- 
caping. 

1.  With  fan  draught 

265  lbs. 

2454  lbs. 

9-26  lbs. 

1025° 

650° 

2.  With  ordinary 
chimney  draught  J 

215  lbs. 

1552  lbs. 

7*21  lbs. 

725° 

410° 

The  effeet  produced  by  the  fan  draught  was  thus  not  only 
to  increase  the  evaporative  power  of  the  boiler,  within  the  hour, 
from  1552  to  2454  lbs.  of  water,  but  to  increase  the  evaporative 
effect  from  each  pound  of  coal  used^  from  7 -21  to  9*26  lbs.  within 
the  hour. 

Numerous  other  experiments  were  made  with  and  without 
the  fan,  and  with  and  without  the  auxiliary  boiler : all  con- 
firmatory of  the  value  of  the  artificial  draught,  and  of  the  in- 
creased lineal  run  of  flue. 

It  may  here  be  observed,  that  experiments  on  heating  and 
evaporating  must  be  utterly  useless,  unless  due  attention  be 
given  by  the  experimenter  to  what  has  hitherto  been  so 
neglected,  namely,  the  quantity  of  heat  escaping  by  the  chim- 
ney ; the  extent  of  the  transmitting  power  of  the  boiler ; and  the 
ascertaining  whether  the  process  of  combustion  had  been  com- 
plete. The  above  described  apparatus  supplies  the  means  of 
ascertaining,  and  with  great  accuracy, — 1st,  the  evaporative 
value  of  different  descriptions  of  coal  or  coke ; 2nd,  the  effect  of 
greater  or  less  lineal  run ; 3rd,  the  temperature  in  the  working 
flue,  indicative  of  the  amount  of  heat  produced  throughout  each 
charge  of  fuel ; 4th,  the  length,  character,  and  colour  of  the 
flame ; 5th,  the  quantity  of  air  required  by  each  kind  of  coal 
or  coke,  and  the  most  effective  way  of  introducing  it;  6th,  the 
weight  of  water  evaporated  in  any  given  time,  and  by  each 
pound  weight  of  fuel.* 

* I have  given  tlic  above  details,  as  tliey  indicate  what  are  the  esstnitials  iii 
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In  proof  of  the  utter  uselessness  of  experiments,  unless  ac- 
companied by  such  data,  may  be  mentioned  the  elaborate  paper 
presented  to  the  Society  of  Arts  for  Scotland.  In  the  details 
of  the  several  experiments,  the  distinctions  here  drawn  were 
wholly  overlooked.  The  result  was,  the  learned  experimenter 
was  led  to  results  and  inferences  altogether  erroneous. 

His  paper  was  “ On  the  evaporative  powers  of  different  kinds 
of  Coal ; ” but,  neglecting  to  take  account  of  the  quantities  of 
heat  or  heating  matter  carried  away  or  lost,  and  the  quantity 
of  gas  escaping  unconsumed,  or  converted  into  smoke,  he  came 
to  the  conclusion  that,  “ the  evaporative  power  of  each  kind  of 
fuel  is  in  the  exact  ratio  of  the  fixed  carbon  contained  in  eachP  It 
is  needless  to  say,  that  such  an  inference  is  entirely  disproved 
by  modern  practice. 

A few  words  here  may  be  said  on  the  subject  of  qaich  and 
sloio  combustion,  as  being  connected  with  that  of  draught.  The 
impression  that  a process  of  slow  combustion  is  more  economic 
than  a quick  process,  has  arisen  from  the  fact,  that  a given 
weight  of  coal  will  convert  a greater  weight  of  water  into 
steam  under  the  former  than  the  latter.  Were  the  sole  object 
the  obtaining  the  largest  measure  of  heat  from  a given  weight 
of  fuel,  as,  for  instance,  in  heating  an  apartment  by  means  of 
Dr.  Arnott’s  stove — in  such  case  slow  combustion  would  be 
attended  with  the  greatest  economy.  In  the  use  of  coal,  how- 
ever, for  the  supply  of  steam  to  an  engine,  the  question  is  of  an 
essentially  different  character.  It  would  thus  be,  not  how 
many  pounds  weight  of  water  may  be  evaporated  by  each 
pound  of  fuel,  but  how  many  pounds  of  water  can  be  converted 
into  steam  by  the  smallest  quantity  of  fuel  loithin  an  hour,  or  any 
given  time.  Time  is,  in  fact,  the  test  of  efficiency.  The  fol- 
lowing experiments  will  illustrate  the  merits  of  the  two 
systems. 

all  boilers  constructed  for  experimental  purposes.  So  accurate  were  the  re- 
sults when  tested  by  the  eye,  the  pyrometer,  and  the  thermometer,  that  it  has 
^ for  many  years  been  the  custom  of  coal  owners  to  ascertain  by  this  Ijoiler  the 
effective  value  of  each  description  of  coal ; themselves,  or  their  agents,  suj)cr- 
intending  the  operation. 
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Coals  burnt 

Water  evaporated 

Water  evaporated 

per  hour. 

per  hour. 

per  lb.  of  coal. 

lbs. 

lbs. 

lbs. 

Slow  Combustion  84 

787 

9.37 

Quick  Combustion  224 

1362 

6.08 

Now,  if  no  more  steam  was  required  for 

the  engine  than 

would  be  produced  from  787  lbs.  of  water  within  the  hour,  slow 
combustion  would  be  the  most  economic.  If,  however,  the  en- 
gine required  the  steam  of  1362  lbs.  of  water  per  hour  to 
work  to  its  full  and  required  power,  then  quick  combustion 
would  be  the  most  desirable,  as  being  the  most  efficient. 

Suppose,  for  instance,  a steam  ship  required  that  the  wheels 
should  make  20  revolutions  per  minute,  and  that,  to  produce 
such,  the  engines  required  the  steam  of  1362  lbs.  of  water  per 
hour,  what  compensation  for  the  consequent  loss  of  speed  would 
it  be,  that  although  the  wheel  made  but  12  revolutions  per 
minute,  yet  economy  of  fuel  was  secured,  in  as  much  as  each 
pound  of  coal  did  more  duty,  in  the  ratio  of  9.37  to  6.08. 

Thus,  it  is  evident,  that  economy  and  efficiency  may  be  antago- 
nistic,— economy  of  fuel  being  waste  of  time,  and  waste  of  time 
being  waste  of  power.  In  practice,  then,  and  with  marine  or 
locomotive  boilers,  it  may  be  taken  as  established,  that  rapid 
combustion  is  more  economic  of  time,  and  slow  combustion  of 
fuel. 


CHAPTER  XIV. 


OF  THE  TUBULAR  SYSTEM  AS  APPLIED  TO  MARINE, 
LAND,  AND  LOCOMOTIVE  BOILERS,  IN  REFERENCE 
TO  THE  CIRCULATION  OF  THE  WATER  AND 
THE  PROCESS  OF  COMBUSTION. 

Having  considered  these  subjects  in  reference  to  flue  boilers, 
we  have  now  to  examine  them  in  connection  with  the  tubular 
system.  The  annexed  views  of  a locomotive  and  a tubular 
boiler  will  enable  us  to  appreciate  their  respective  peculiarities. 

In  the  locomotive.  Fig.  1 1 6,  the  furnace  compartment  (called 
the  fire-box)  is  placed  at  one  end  of  a long  boiler,  and  so  apart 
from  the  tubular  compartment,  that,  as  regards  the  objects  of 
circulation  and  evaporation,  they  may  be  considered  in  the 
light  of  separate  boilers. 


Fig.  116. 
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Fig.  117. 
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In  the  marine  boilers,  as  in  Fig.  117,  on  the  contrary,  the 
tubes,  placed  directly  over  the  furnaces,  become  enveloped  in 
the  atmosphere  of  steam  generated,  and  rising  from  the 
latter.  This  is  virtually  the  placing  one  boiler  over  another; — 
a tubular  over  a flue  boiler,  and  within  the  same  shell.  By 
this  arrangement,  the  steam  generated  from  the  furnace  depart- 
ment (and  which  is  necessarily  the  largest  in  quantity)  cannot 
reach  the  surface  without  passing  through  the  numerous  close 
sets  of  tubes,  and  the  steam  and  water  which  surround  them. 

So  also  of  the  water;  it  can  neither  ascend  or  descend  with- 
out first  working  its  way  through  the  intricate  mazes  presented 
by  the  tubes : — no  more  certain  method  therefore  could  have 
been  devised  for  producing  a mischievous  interference  with  the 
respective  functions,  both  of  the  water  and  the  steam.  Here, 
then,  is  another  violation  of  the  principle,  that  “ no  part  of  the 


185 


heating  surhxce  should  be  so  situated  that  the  steam  may  not 
readily  rise  from  it,  and  escape  to  the  surface  of  the  water.” 

Duly  to  appreciate  these  obstructions,  let  the  inquirer  only 
ask,  what  direction  it  was  intended  the  steam  should  take  on 
rising  from  the  sides  and  crown  plate  of  the  furnace ; or  the 
water  in  its  ascending  and  descending  currents?  On  such  an 
inquiry  it  will  probably  be  found  that  the  projector  had  never 
considered  the  circulation  or  currents  of  either  steam  or  water, 
or  even  thought  such  an  inquiry  necessary. 

So  little,  indeed,  has  the  “ free  escape  of  the  steam  to  the 
surface,”  or  the  currents  in  the  water,  been  thought  of,  that  we 
not  unfrequently  find  the  congeries  of  tubes  arranged,  not  in 
vertical  lines,  but  so  alternated  that  each  directly  intercepts  the 
currents  both  of  the  steam  and  water  rising  from  that  below  it, 
as  shewn  in  Fig.  118;  as  if  it^had  been  expressly  intended  to  ob- 
struct circidation  rather  than  promote  it,  and  keep  the  tubes 
continually  enveloped  in  steam  rather  than  water  ; — both  having 
to  run  the  gauntlet  through  a zig-zag  course  of  narrow  and  in- 
tricate passages. 

Fig.  118. 


Dr.  Urc  observes,  that  as  the  diffusion  of  heat  through  a 
fe  fluid  mass  is  accomplished  by  the  intestine  currents,  whatever 
obstructs  these  currents  must  obstruct  the  changes  of  tenq)c- 
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raturc.”  Yet  it  would  be  difficult  to  contrive  a more  effectual 
mode  of  obstructing  the  intestine  currents  of  both  steam  and 
water. 

In  proceeding  to  consider  the  marine  tubular  boiler,  it  will 
be  well  to  take  one  of  modern  construction,  and  examine  how 
fiir  its  arrangements  are  in  accordance  with  the  operations  of 
nature,  and  particularly  as  to  the  following  points,  viz. : — 

1st.  The  proportions  of  the  furnace. 

2nd.  The  distance  the  flame  and  heat  have  to  travel. 

3rd.  The  time  available  for  giving  out  heat. 

4th.  The  admission  of  the  air. 

5th.  The  circulation  of  the  steam  and  water. 

6th.  The  effects  of  the  tubes,  as  heating  surfaces. 

7 th.  The  economy. 

Fig.  119. 
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First. — Of  the  'proportions  of  the  furnaces.  A remarkable  fea- 
ture of  this  boiler  is,  that  its  entire  area  may  be  considered  as 
one  large  furnace,  indicating  the  dependence  on  this  depart- 
ment for  the  supply  of  steam.  As  to  its  several  parts,  there  is 
disproportion  everywhere.  The  chamber  above  the  fuel  is 
not  one  half  the  size  it  should  be  in  proportion  to  its  length. 
Allowing  a proper  body  of  fuel  on  the  bars,  there  will  not  be 
12  inches  space  between  it  and  the  crown  plates ; yet  in  this 
shallow  chamber,  and  under  the  influence  of  a rapid  current 
through  it,  all  the  operations  of  gas  making,  gas  heating,  mix- 
ing with  the  air,  and  combustion,  are  to  be  carried  on.  On 
this  head  Mr.  Murray  justly  observes,*  " As  a large  furnace  is 
found  by  experience  greatly  to  facilitate  the  admixture  of  the 
gases,  and  to  ensure  their  more  perfect  combustion,  as  well  as 
to  afibrd  the  most  effective  kind  of  heating  surface,  it  is  of 
great  importance  that  there  should  be  plenty  of  room  over  the 
Jires^'‘  It  need  only  be  observed,  that  in  this  boiler  we  have 
the  very  opposite  of  this  recommendation ; there  being,  in  fact, 
the  least  possible  room  over  the  fires.’’^ 

So  of  the  ash-pit ; although  above  9 feet  long,  it  has  but  an 
average  depth  of  18  inches.  Thus  the  spaces,  both  above  and 
below  the  fuel,  have  the  character  of  long  narrow  passages, 
causing  injudicious  longitudinal  currents,  and  counteracting  all 
the  processes  of  nature. 

Second. — Of  the  distance  which  the  flame  and  heat  have  to 
travel.  The  deficiency  is  here  remarkable,  there  being,  in 
fact,  but  a few  inches  of  lineal  run  between  the  fuel  and  the 
first  range  of  the  tubes ; say  from  A to  B.  It  may  then  be 
asked,  what  is  to  become  of  the  great  body  of  flame  and  half- 
burned  gases  rising  from  the  coal  on  an  area  of  20  square  feet, 
the  bars  of  each  furnace  being  2 feet  6 inches  wide,  by  8 feet 
in  length ; the  six  furnaces  of  each  boiler  thus  presenting  an 
aggregato-bar  surface  of  120  square  feet. 

Now  the  disposing  profitably  of  this  mass  of  flame  is  the 
really  important  question.  If  left  to  itself,  and  duly  supplied 

* Rudimentary  Treatise  on  the  Marine  Engine : by  Robert  Mun-ay,  C.E. 
W eale. 
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with  air,  it  would  have  extended  to  a distance  of  15  to  20  feet 
from  the  bridge,  along  which  course  it  would  continue  profitably 
giving  out  heat,  and  producing  evaporation.  All  this  capa- 
bility is,  however,  here  sacrificed,  since,  as  already  shewn,  flame 
cannot  pass  unimpaired,  or  unextinguished,  through  a series  of 
metallic  tubes,  and  without  being  so  affected  by  that  subdivision 
which  weakens  and  destroys  intensity. 

The  management  of  flame  is,  we  have  seen,  at  all  times 
an  extremely  delicate  and  difficult  operation ; here,  however, 
all  the  processes  of  nature  are  deranged.  Here  is  the  largest 
volume  of  gas  and  flame,  concurrently  with  the  least  provision 
for  the  admission  of  air  for  its  combustion ; — the  greatest  quan- 
tity and  intensity  of  heat  in  the  furnaces,  with  the  shortest  run, 
and  the  least  fraction  of  time  for  imparting  that  heat  to  the 
plate  surface.  Instead  of  being  allowed  to  pursue  its  course, 
and  have  due  time  for  the  combustion  of  Its  carbon,  the  flame 
is  here  suddenly  and  mechanically  divided  into  360  small 
portions,  by  being  forced  into  that  number  of  tubes. 

It  has  already  been  shewn,  that  it  is  essential  to  the  existence 
of  flame,  that  its  high  temperature  he  sustained,  until  the  pro- 
cess of  combustion  he  completed ; yet  the  most  effectual  means  of 
reducing  its  temperature,  as  shewn  by  Sir  H.  Davy,  Is  to  break 
it  up  (as  Is  here  done)  into  numerous  feeble  portions.  The  re- 
sult is,  that  the  carbon  of  the  gas,  (then  in  the  state  of  flame,) 
instead  of  being  converted  into  carbonic  acid,  and  producing  a 
very  high  temperature,  is,  by  these  cooling  influences,  reduced 
below  that  of  ignition,  and  then  consequently  deposited  in  the 
form  of  dense  smoke  and  soot.  The  boiler  now  before  us  pro- 
duces unvarying  columns  of  smoke  of  the  blackest  character. 
So  great,  indeed,  is  the  quantity  of  deposited  carbon,  that  the 
tubes  are  not  unfrequently  entirely  filled,  and  would  remain 
permanently  choked,  were  it  not  that  the  fuel,  becoming  al- 
ternately incandescent,  and  the  bars  irregularly  covered,  much 
air  then  passes,  and  relieves  the  tubes  of  the  deposited  carbon ; 
filling  the  atmosphere  and  covering  the  decks  with  masses  of 
“ blacks.” 

Next  to  the  admission  of  the  air,  the  length  of  the  run  is  the 
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most  important  element  of  efficiency  in  the  working  of  a fur- 
nace. AVhere  short  tubular  boilers  are  employed  in  steam  ves- 
sels, the  only  alternative  for  avoiding  the  waste  by  smoke  is 
the  use  anthracite  coal;  and  which,  as  it  contains  but  little  of 
the  hydro-carbon  gases,  comes  nearest  to  the  use  of  coke  in  the 
locomotive.* 

AYith  reference  to  the  shortness,  or  rather  absence,  of  run 
in  this  boiler,  and  looking  to  the  great  body  of  flame  produced^ 
it  may  be  regarded  as  rather  a fortunate  circumstance,  that 
these  masses  of  tubes  are  thus  interposed,  as  they  become  the 
direct  means  of  cutting  short  the  flame  and  intense  heat,  and 
thus  prevent  it  from  passing  to  the  take-up  and  funnel,  and 
keeping  them  at  the  dangerous  temperature  of  redness. 

The  inference  is,  that  the  tubular  boiler  (accompanied  by  a 
short  run,  with  a large  area  of  fire-grate,  and  using  bituminous 
coal,)  is  wholly  incompatible,  not  only  with  perfect  combustion, 
and  obtaining  the  due  measure  of  heat  from  the  fuel  and  flame, 
but  even  with  safety,  unless  under  the  influence  of  some  such 
protection,  or  preventive,  as  these  tubes  supply,  and  which  as 
effectually  extinguish  the  flame  as  the  patent  fire  annihilator 
does,  at  the  moment  its  continuance  would  be  productive  of 
danger.  This  is  indeed  a costly  and  complicated  mode  of  pro- 
tecting the  funnel  and  up-take.  Nevertheless,  it  has  that  ef- 
fect, though  a very  different  one  from  that  which  had  been 
contemplated. 

As  illustrative  of  the  want  of  system  in  this  matter,  it  may 
be  mentioned  that  a land-engine  boiler  was  made  at  the  same 
time,  on  the  ordinary  flue  principle,  but  in  direct  opposition  to 
that  of  this  tubular ; — the  land-hoiler  having  a very  long  run — 
the  marine-boiler  having  scarcely  any.  In  the  former,  the  flue, 
after  passing  under  the  boiler,  the  entire  length  of  30  feet,  was 
led  round  it  to  the  chimney,  thus  giving  a run  of  100  feet 
lineal.  By  this  means  not  only  surface,  but  distance  and  time 

• The  OMTiers  of  the  Great  Britain,  with  tubular  boilers,  have  been  com- 
pelled to  adopt  this  description  of  coal ; 1000  tons  of  it  being  put  on  board 
for  each  voyage.  The  boilers  in  this  vessel  are  on  the  close  tubular 
principle. 
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were  secured  for  obtaining  heat  from  the  gaseous  products,  and 
transmitting  it  to  the  water.  In  this  mar^«e-boiler,  on  the  con- 
trary, by  means  of  the  short  run,  both  distance  and  time  are 
sacrificed,  and  consequently  heating  power  lost.  It  would  be 
difficult,  therefore,  to  reconcile  the  principles  on  which  these 
two  boilers  were  constructed,  seeing  that  their  arrangements 
were  in  such  direct  opposition  to  each  other.  Either  the  one  or 
the  other  must  have  been  altogether  erroneous. 

Third. — Of  the  time  allowed  for  giving  out  heat.  The  ques- 
tion of  time  and  distance  being  so  directly  connected,  whatever 
influences  the  one  must  have  a corresponding  effect  on  the  other. 
When,  however,  we  consider  that  the  time  or  interval  that  can 
elapse  between  the  passing  the  flame  from  the  furnace,  and  its 
reaching  the  tubes,  can  be  but  a small  fraction  of  a second,  such 
must  be  wholly  insufficient  for  giving  out  the  heat  from  so 
enormous  a body  of  flame.  In  this  respect,  then,  the  marine 
tubular  boiler  is  pre-eminently  defective.  The  consequence  is, 
that  the  generation  of  steam  is  almost  exclusively  confined  to 
the  region  of  the  furnace,  and  the  direct  radiated  heat  from  the 
flame  in  them. 

Fourth. — Of  the  admission  of  air.  No  provision  whatever 
is  here  made,  apart  from  that  by  the  ash-pit.  The  manifest 
error  of  such  an  arrangement  will  be  best  understood  by 
pointing  to  the  utter  impossibility  of  the  300,000  cubic  feet  of 
air  required  for  the  gas,  together  with  the  600,000  cubic  feet 
for  the  coke  from  the  three  tons  of  coal  hourly  consumed  on  the 
bars,  to  find  access  through  the  body  of  coal  resting  on  them. 

Fifth. — Of  the  circulation  of  the  water.  In  this  boiler  nothing 
has  been  done  in  aid  of  the  circulation,  but  much,  on  the  con- 
trary, to  embarrass  both  its  ascending  and  descending  currents. 
This  is  even  aggravated  by  the  circumstance  of  the  water- 
space,  at  the  back  end,  which  in  flue  boilers,  as  being  the  coldest, 
and  farthest  from  the  furnaces,  and  most  favorable  for  the 
descending  water,  is  here  the  hottest;  the  great  body  of  flame 
being  projected  directly  against  it  at  C,  and  therefore  most 
unfavorable  for  that  descending  current. 

Sixth. — Of  the  tubes,  as  heating  surface.  The  value  of  tlie 
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tubes,  in  a locomotive,  arises  from  their  presenting  a larger 
aggregate  of  internal  heating  surface  for  contact  with  the 
heated  gaseous  products — these  being  chiefly  transparent  car- 
bonic acid  and  oxide,  and  in  all  instances  free  from  smoke  or 
carbonaceous  deposit.  In  the  marine  tubular,  however,  where 
coal  is  used,  and  no  such  transparent  gaseous  products  exist, 
but  on  the  contrary,  where  there  must  be  always  a large  volume 
of  fuliginous  gas  and  flame,  the  tube  system  is  wholly  inappli- 
cable. 

In  adopting  the  tubular  principle  in  marine  boilers,  it  was  no 
doubt  supposed  that  the  increased  surface  would  have  been 
equally  effective  and  unobjectionable  as  in  the  locomotive. 
This  inference  was  drawn,  however,  without  taking  into  account 
the  chemical  difference  between  the  use  of  bituminous  coal,  in 
the  one  case,  with  its  accompaniments  of  gas,  flame,  and  smoke, 
and  of  coke  alone,  in  the  other,  but  in  which  none  of  these  exist. 
Neither  was  it  taken  into  account,  that  in  the  locomotive,  the 
draught,  and  the  all-essential  volume  of  air  introduced,  was 
obtained  by  artificial  means,  and  was  therefore  always  sufficient 
and  under  control ; whereas,  in  the  marine-boiler,  the  required 
draught  could  only  be  obtained  by  a great  expenditure  of  fuel 
and  heat — in  fact,  by  heating  the  funnel. 

Seventh. — Of  economy.  In  the  use  of  fuel  in  this  boiler, 
economy  is  out  of  the  question.  The  great  supply  of  steam  being 
generated  from  the  radiated  heat  and  impact  of  the  flame  in  the 
furnaces,  the  system  of  forcing  the  fires  becomes  an  absolute  essen- 
tial; the  greater  the  weight  of  coal  consumed  in  given  times, 
the  greater  being  the  amount  of  available  flame  produced. 

As  to  economy  of  space  in  limiting  the  length  of  the  boiler, 
we  often  deceive  ourselves,  since  what  is  apparently  saved  is 
not  all  gained.  Flue-boilers  are  comparatively  low,  admitting 
much  of  the  coal  supply  to  be  placed  over  them.  This  may  be 
done  without  inconvenience  or  risk ; often,  indeed,  with  com- 
parative advantage,  the  coals  so  placed  thus  avoiding  the  accu- 
mulated deposit  of  the  fine-powdered  part,  which  takes  place 
at  the  bottom  of  large  bunkers  when  undisturbed,  and  from 
which  that  gas  is  generated  which  is  so  often  found  to  ignite  in 
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spontaneous  combustion.  Tubular  boilers,  on  the  other  hand, 
are  necessarily  high,  extending  to  the  deck.  The  consequence 
is  that  stowage  for  the  coal  must  be  provided  elsewhere,  by 
appropriating  a portion  of  the  hold  to  that  purpose. 

In  the  boiler  now  under  consideration,  the  360  tubes  are 
placed  in  vertical  ranges,  15  in  each  range.  It  is  needless  to 
repeat  that  the  tubes,  in  ranges  6 feet  in  height,  could  not  be 
available ; since  the  lower  ranges  are  the  first  occupied  as  being 
the  hottest,  with  an  accelerated  current  in  proportion  as  their 
area  is  diminished. 

A further  disadvantage  of  the  marine  tubular  boiler  is,  that 
there  is  no  place  for  the  deposit  of  soot,  sand,  ashes,  and  other 
matter  which  accompanies  the  use  of  coal;  or  the  scale  or  sedi- 
ment which  is  found  both  inside  the  tubes  as  well  as  outside  of 
them,  in  the  narrow  water-spaces.  The  result  is,  that  all  this 
matter  accumulates  in  the  tubes  and  bottom  of  the  smoke-box, 
requiring  constant  attention  for  its  removal. 

Again,  to  facilitate  the  removal  and  the  clearing  the  tubes, 
the  entire  front  of  the  boiler  at  D,  instead  of  being  water-space, 
as  in  flue-boilers,  is  occupied  by  a series  of  doors,  6 feet  high, 
and  which,  as  they  are  so  liable  to  be  over-heated  and  warped, 
admit  much  air,  often  igniting  the  unconsumed  gas  which  has 
passed  from  the  furnaces,  and  sending  the  flame  to  the  up-take 
and  funnel,  keeping  them  at  a dangerous  temperature,  as  was 
the  case  in  the  steamer  Amazon^'  over-heating  these  parts 
which  were  under-deck,  and  where  no  means  of  extinguish- 
ment was  available. 

A practical  illustration  of  the  disadvantages  of  small  tubes, 
was  afforded  in  the  boiler  of  the  steam-vessel,  the  “ Leeds, in 
which,  for  the  express  purpose  of  deciding  the  question,  one- 
half  the  boiler  was  constructed  with  tubes  of  3 inches  diameter ; 
the  other  having  enlarged  tubes  of  7 by  5 inches,  as  shewn  in 
Fig.  120. 
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Fig.  120 


The  result  was,  that  for  years  no  repairs  whatever 
were  required  in  the  latter,  while  the  former  was  a continued 
source  of  annoyance  and  expense ; besides  that,  it  was  less  ef- 
fective as  a steam  generator.  Many  of  the  small  tubes  had  to 
be  renewed;  the  water  spaces  were  liable  to  be  filled  with 
incrustation ; and  the  face-plate,  in  which  the  tubes  were  in- 
serted, required  to  be  drawn  in,  and  the  tubes  again  riveted ; 
innumerable  patches  and  additional  bolts  were  from  time  to 
time  introduced  to  secure  the  back  face-plate,  and  preserve  it 
in  its  place. 

Here  also  was  a practical  confirmation  of  the  fact,  that  the  mere 
jj^  circumstance  of  having  a larger  aggregate  of  surface  had  no  ef- 
fect in  producing  increased  evaporation,  the  aggregate  surface  of 

13 
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the  small  tubes y in  the  one-half  of  the  boiler,  being  double  that  of 
the  larger  ones  in  the  other  half. 

An  instance  of  the  desire  to  obtain  a large  aggregate  of  inter- 
nal surface,  but  without  due  consideration  as  to  its  being 
available  or  brought  into  operation,  was  shewn,  in  the  late 
substitution,  in  a vessel  of  great  magnitude,  of  a tubular  for  a 
flue  boiler ; a change,  however,  which  was  the  reverse  of  being 
beneficial.  This  boiler,  as  represented  in  the  annexed  figures, 
Avas  not  less  than  18  feet  6 inches  high.  This  may  be  called  a 


Fig.  121. 
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Fig.  122. 
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triple  boiler — one  fine,  and  two  tubulars.  Looking  to  the  courses 
which  the  steam  and  water  had  to  take  in  this  boiler,  it  would 
be  difficult  to  estimate  the  amount  of  obstructions  which  each 
would  have  to  encounter,  or  the  impediments  interposed  to  their 
respective  functions. 

As  to  the  general  characteristics  of  marine  tubular  boilers, 
Mr.  Murray,  in  his  recapitulation,  places  them  in  strong  con- 
^;rast  with  what  he  considers  the  most  important  requisites,  and 
which  he  enumerates  as  follows  : 
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“ 1st.  The  boiler  should  be  designed  with  a sufficient  amount 
of  heating  surface,  so  contrived,  that  as  little  of  it  as  possible 
may  be  rendered  ineffective,  either  from  the  retension  of  steam  in 
contact  with  it  — from  the  formation  of  scales  within  — or  from 
the  deposition  of  ashes  and  soot  in  the  bottoms  of  the  flues  and 
tubes.’’  Now,  the  tubular  system,  where  coal  is  used^  is  in  direct 
opposition  to  all  these  conditions. 

‘^2nd.  The  fire-bar  surface  should  be  sufficiently  large  to 
admit  of  the  necessary  quantity  of  coal  being  consumed  with 
thin  open  fires.”  The  policy  of  this  condition,  of  thin  open  fires, 
may  be  correct,  where  the  boilers  are  sufficiently  large,  and  the 
consumption  of  fuel  slow,  as  in  the  Cornish  boiler ; but  is  inap- 
plicable in  the  marine  tubular,  which,  by  reason  of  the  short 
run,  and  the  necessity  of  throwing  so  much  duty  on  the  fur- 
naces, involves  the  necessity  of  hard  firing  and  the  forcing 
system. 

‘‘  3rd.  That  the  proper  area  be  maintained  through  the 
flues  and  tubes,  and  that  the  passage  to  the  chimney  be  such 
that  the  draught  be  not  interrupted.”  In  the  tubular  boiler, 
the  interposition  of  the  mass  of  tubes  is  peculiarly  instrumental 
in  checking  and  interrupting  the  draught  by  their  cooling  and 
other  influences,  but  without  which,  as  already  shewn,  the 
funnel  would  be  kept  at  a red  heat. 

“ 4th.  That  the  furnaces  should  be  roomy,  and  that  the  fires 
should  not  be  larger  than  can  be  conveniently  stoked.”  These 
conditions,  as  just  shewn,  are  the  very  reverse  of  what  exists  in 
the  marine  tubular,  more  especially  the  first,  enjoining  a roomy 
furnace.  The  last  head  of  this  recapitulation  is,  however,  as 
follows : 

“ 5th.  Which  is,  perhaps,  the  most  important  of  all,  and  the 
one  most  neglected,  that  experienced  and  careful  firemen  be 
provided.”  Now,  what  the  duties  can  be  which  demand  such 
care  and  experience  as  to  make  this  condition  the  most  im- 
portant of  all,”  is,  however,  not  intimated,  and  never  has  been 
explained  by  any  writer.  It  is,  indeed,  much  to  be  feared,  that 
the  general  insufficiency  of  boilers,  caused  by  the  absence  of 
many  of  the  truly  important  requisites,  are  too  often  laid  to 
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the  account  of  careless  or  inexperienced  firemen ; yet,  it  may 
be  taken  for  granted,  that  if  any  duties  are  required,  beyond 
those  of  the  very  simplest  character,  and  which  can  be  taught 
any  able  and  willing  man  in  an  hour,  there  must  be  some  more 
serious  mal-arrangement  than  can  be  remedied  by  any  amount 
of  care,  skill,  or  experience  on  the  part  of  the  fireman.* 

This  is  the  more  entitled  to  consideration,  seeing,  that  in  the 
above  recapitulation,  nothing  is  said  of  that  which  is  really  the 
most  important  requisite,  namely,  the  provision  for  the  admis- 
sion of  the  air  to  the  gas  generated  in  the  furnace  chamber. 
Yet  the  great  question  of  perfect  or  imperfect  combustion  in- 
volves the  providing  the  relative  volumes  of  air  and  gas.  How 
strange,  that  with  our  present  knowledge  of  the  chemistry  of 
combustion,  so  much  stress  should  be  laid  on  mere  questions 
of  proportions,  while  the  main  point,  the  primum  mobile,  is 
neglected. 

On  the  inadequacy  of  the  short  boiler,  short  run,  and  short 
time  for  the  performance  of  its  several  functions,  Mr.  Murray 
judiciously  observes  as  follows  : — " Superior  economy  of  large 
boilers.  Here  arises  a principle  of  economy,  from  the  use  of 
boilers  of  ample  capacity  to  generate  steam  without  the  fires 
being  unduly  disturbed ; and  it  is  believed,  that  on  this  ground 
alone,  can  the  alleged  superiority  of  slow  over  rapid  combus- 
tion, be  maintained.”  There  can  be  no  doubt  on  the  subject. 

* Where  the  air  is  properly  introduced,  the  duties  of  firemen  are  all  con- 
tained in  the  foUowing  instructions  : — 

1st.  Begin  to  charge  the  furnace  at  the  bridge  end,  and  keep  firing  to 
within  a few  inches  of  the  dead  plate. 

2nd.  Never  allow  the  fire  to  be  so  low,  before  a fresh  charge  is  thrown  in 
that  there  shall  not  be  at  least  four  to  five  inches  deep  of  clear,  incandescent 
fuel  on  the  bars,  and  equally  spread  over  the  whole. 

3rd.  Keep  the  bars  constantly  and  equally  covered,  particularly  at  the 
sides  and  bridge  end,  where  the  fuel  burns  away  most  rapidly. 

4th.  If  the  fuel  bums  unequally,  or  into  holes,  it  must  be  levelled,  and  the 
vacant  spaces  fiUed. 

6th.  The  large  coals  must  be  broken  into  pieces  not  bigger  than  a man’s 
fist. 

6thly.  Where  the  ash-pit  is  shallow,  it  must  be  more  frequently  cleared 
out.  A body  of  hot  cinders  overheat  and  burn  the  bars. 
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The  true  corrective  then  of  these  inconveniencles  consists  in 
letting  the  size  of  the  boiler  and  its  parts  be  commensurate  with 
the  demand  for  steam. 

In  illustration  of  the  want  of  any  fixed  principle  for  the  in- 
ternal arrangements  of  the  several  parts  of  a boiler,  it  may  be 
mentioned,  that  during  the  Parliamentary  inquiry  on  the  smoke 
nuisance,  engineers  insisted  on  what  was  considered  the  main 
essential,  and  which  is  the  reverse  of  the  present  practice, 
namely,  that  boilers  should  be  large  enough;  and  that  waste, 
injury,  and  the  smoke  nuisance,  were  the  necessary  results 
of  making  small  boilers  do  the  work  of  larger  ones. 

Pressed  by  the  value  of  space  in  marine  vessels,  engineers 
have,  however,  no  alternative.  In  the  arrangement  of  the 
vessels  sufificient  space  is  not  allowed ; all  considerations  are 
made  to  yield  to  large  holds,  or  large  passenger  accommodation, 
while  the  boiler,  the  very  source  of  its  power,  is  shorn  of  its 
necessary  proportions.  Into  the  short  space  of  ten  feet  three 
inches,  the  marine  boiler  we  have  just  been  considering  (of 
above  300  horse  power)  had  literally  to  be  stowed,  and  not 
one  inch  to  spare.  To  this  shortness,  therefore,  in  the  boiler, 
is  attributable  the  violation  of  all  the  laws  of  nature  in  working 
out  the  processes  of  combustion,  circulation,  and  evaporation. 
Engineers  are  required  to  construct  small  boilers  to  do  the 
work  of  large  engines,  the  evil  of  which  has  been  so  well 
illustrated  by  Mr.  Fairbairn  in  his  late  publication.  Under 
these  imperative  instructions,  they  inconsiderately  turned  to 
the  plan  of  the  locomotive.  The  owners  of  steam  vessels  will 
in  time  find  out  their  error.  It  is,  however,  unreasonable  that 
limits  should  first  be  imposed  on  the  engineer  which  are  incom- 
patible with  efificiency  and  economy,  and  that  he  should  then 
be  condemned  for  not  providing  the  due  quantity  of  steam, 
and  the  required  amount  of  pressure ; for  causing  too  heavy  a 
consumption  of  coal ; the  frequency  of  injury  to  the  furnace- 
plates  ; the  waste  of  fire-bars ; the  great  nuisance  of  smoke ; and 
the  rapid  deterioration  of  the  boilers  themselves. 

The  consideration  of  these  results  lead  to  the  conclusion,  1st. 
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That  the  system  of  numerous  small  tubes  is  radically  erroneous, 
both  with  reference  to  the  carrying  and  transmitting  the 
heated  products  loithin  them,  and  to  the  currents  of  steam  and 
water  outside  them.  2ndly.  That  the  placing  the  mass  of  tubes 
above  the  furnaces  and  flues,  renders  the  application  of  the 
tubular  system  doubly  vicious,  by  its  interference  with  the 
functions  of  the  steam  and  water;  thus  directly  intercepting 
and  obstructing  their  rising  and  descending  currents.  3rdly. 
That  the  short  boiler,  with  its  short  run  system,  is  directly 
opposed  to  the  operations  of  nature,  as  regards  the  mixture, 
heating  and  combustion  of  the  gaseous  portion  of  the  fuel,  with 
the  very  large  quantity  of  atmospheric  air  which  is  absolutely 
required. 

On  the  peculiarities  of  the  tubular  system,  Mr.  Craddock, 
having  been  more  comprehensive  than  other  writers,  merits 
attention  here,  and  the  more  so,  as  he  observes,  I have  been 
thus  particular  in  enumerating  all  the  objections  that  I have  been 
enabled  to  collect,  as  being  brought  against  tubular  boilers.” 
These  objections  are  thus  stated : — 

1st.  Liability  to  priming  or  steam  passing  off  to  the  engine 
mixed  with  water. 

2nd.  ^regularity  in  the  pressure  of  the  steam  from  the 
small  quantity  of  water  such  boilers  generally  contain. 

3rd.  Liability  of  the  tubes  to  become  furred  up  by  deposit. 

4th.  Greater  complexity. 

5 th.  Greater  original  cost. 

6th.  Greater  liability  to  derangement. 

Now  these  objections  are  chiefly  of  a mechanical  nature,  while 
those  which  are  overlooked,  have  reference  to  other  and  more 
important  influences  on  combustion  and  its  processes. 

To  Mr.  Craddock’s  enumeration  of  objections  may  then  be 
added  the  following,  viz. : — 1st.  Forcing  the  products  of  com- 
bustion (carbonic  acid,  nitrogen,  and  steam,)  into  the  narrow 
orifices  of  the  tubes,  and  thus  producing  the  most  unnatural 
and  injurious  mixtures  with  the  flame,  from  which,  in  the  order 
of  nature,  they  had  just  separated  themselves. 
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2nd.  Dividing  the  flame  into  numerous  small  portions,  thus 
lowering  and  attenuating  its  temperature  before  the  process  of 
combustion  could  have  been  completed. 

3rd,  Shortening  the  flame  and  diminishing  its  radiating 
power,  by  the  conversion  of  the  carbon  of  the  flame  into  the 
form  of  soot. 

4th.  Practically  reducing  the  available  surface,  by  confining 
it  to  that  portion  of  the  tubes  through  which  the  products  of 
combustion  pass. 

5th.  Impeding  the  ascent  of  the  steam^  not  only  from  the 
surface  of  the  tubes,  but  from  that  of  the  flues  and  furnaces 
directly  under  them. 

6th.  Obstructing  the  circulation  of  the  wafer,  both  in  its  up- 
ward and  downward  currents,  by  the  narrow  and  intricate 
courses  round  the  tubes. 

7 th.  Shortening  the  run,  or  distance  along  which  the  heated 
products  have  to  pass  from  the  furnace  to  the  up-take,  where 
they  become  useless  or  dangerous. 

8 th.  Increasing  the  already  too-rapid  current  of  those  pro- 
ducts, such  current  being  always  the  more  rapid  as  the  area  of 
the  tubes  is  contracted. 

9th.  Diminishing  the  available  which  the  processes  of  com- 
bustion, and  the  transmission  of  heat  naturally  and  absolutely 
require. 

10th.  Practically  confining  the  generation  of  the  steam  to  the 
furnaces  and  the  plate-surface  in  connection  with  them. 

The  omission  of  these  serious  objections  are  the  more  re- 
markable, as  Mr.  Craddock  has,  himself,  justly  observed,  that 
“ Time  being  one  of  the  elements  of  first  importance  in  bringing 
about  an  uniformity  of  temperature  in  adjacent  bodies,  it  fol- 
lows, that  the  greater  the  time  the  hot  matter  (the  products)  is 
in  contact  with  the  surface  of  the  boiler,  the  nearer  will  it 
approach  the  temperature  of  the  water  within ; or,  in  other 
words,  the  less  heat  will  pass  away  unahsorbed  by  the  water.” 
Now  the  direct  effect  of  the  tubular  system  is  to  shorten  the 
time,  and  increase  the  rapidity  of  the  current ; thus  creating 
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the  very  evils  he  deprecates,  by  causing  a greater  portion  of 
the  heat  to  pass  away  unabsorbed. 

Mr.  Craddock  further  observes,  and  in  the  words  of  the  first 
part  of  this  treatise  : “ The  most  obvious  way  to  produce 
perfect  combustion,  or  to  prevent  smoke,  is  to  supply  the  air 
that  is  required  to  produce  the  combustion  of  the  carbon,  or 
glowing  coke  remaining  after  the  gases  are  dissipated  at  the 
bottom  of  the  grate  ; whilst  the  air  required  for  the  combustion  of 
the  carhuretted  coal-gas^  shoidd  he  supplied  in  such  a manner  as  to 
come  into  due  adinixture  with  it,  before  it  is  cooled  down  below  the 
temperature  of  ignition. 

Here  is  a true  summary  of  what  is  required,  as  to  air  and 
temperature ; yet  the  direct  effect  of  the  tubes,  with  their  small 
orifices,  is  to  cool  down  the  gas  below  that  temperature.  Again 
he  adds,  But  the  mere  supplying  the  air  in  sufficient  quantity 
at  the  proper  place,  and  even  with  a sufficiently  elevated  tem- 
perature, is  not  the  only  condition  requisite,  as  the  atoms  of 
oxygen  must  be  brought  into  close  proximity  with  those  of  the  gas  to  he 
ignited. 

The  conditions  of  perfect  combustion  are  here  clearly  pointed 
out ; yet  so  far  from  the  tubular  system  which  he  advocates 
being  in  accordance  with  these  conditions,  it  is  in  direct  op- 
position in  aU  that  regards  quantity  of  air,  time,  place,  and 
temperature. 

On  the  same  point  he  observes,  “ Bringing  such  a vast  quan- 
tity of  the  two  gases  (carburetted  hydrogen  and  atmospheric 
air)  into  such  close  proximity,  in  the  short  time  the  gases  are 
passing  through  the  furnaces,  and  before  they  are  too  much 
lowered  in  temperature  to  be  inflamed,  is  a matter  of  some 

* Mr.  Craddock  observes,  “ Here  I am  bound  to  say,  that  Mr.  Williams’s 
plan  meets  the  conditions  which  chemistry  requires  for  perfect  combustion, 
better  than  any  other  with  which  I am  acquainted.  Mr.  Williams  proceeds 
upon  the  principle  of  mixing  the  gas  in  the  furnace  with  numerous  small  jets  of 
air.  These  innumerable  small  jets,  by  reason  of  their  more  readily  and  com- 
pletely mixing  with  the  atoms  of  the  combining  gases,  must  be  admitted  to  be 
well  calculated  to  produce  that  intimate  mingling  which  chemistry  shews  to 
^ be  absolutely  necessary.” 
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difficulty,  tliougli  of  great  importance  to  the  prevention  of 
smoke,  and  the  greatest  production  of  heat.” 

It  appears  strange,  that  notwithstanding  this  enumeration  of 
the  bad  effects  arising  from  the  short  time^’’  the  heated 
products  are  passing,  he  should  have  omitted  the  worst  feature 
of  the  tubular  system,  namely,  its  so  shortening  the  time  and  dis- 
tance as  to  render  the  required  ‘‘  close  proximity  ” a physical 
impossibility. 


CHAPTER  XV. 


ON  THE  USE  OF  HEATED  AIR  AND  ITS  SUPPOSED 
VALUE  IN  THE  FURNACES  OF  BOILERS. 

Since  the  appearance  of  the  first  part  of  this  treatise,  shewing 
the  necessity  for  admitting  air  to  the  gases  generated  in  the  fur- 
nace, apart  from  that  admitted  by  the  ash-pit,  numerous  patents 
have  been  taken  out  for  effecting  that  purpose. 

With  the  view  of  obtaining  credit  for  originality,  none  have 
attracted  more  attention  than  those  which  assumed  that  the  air 
introduced  was  to  be  heated,  and  that  it  would  thereby  become 
more  effective.  These  plans,  however,  do  not  merit  notice, 
either  on  the  ground  of  theory  or  practice.  It  is  right,  never- 
theless, that  the  public  be  put  on  their  guard  against  being  misled 
by  the  many  plausible  theories  connected  with  this  hot  air 
system. 

Among  the  devices  by  which  the  public  have  been  led 
astray,  may  be  mentioned,  the  use  of  hollow  bars,  supplemental 
flues,  calorific  plates,  self-acting  valves,  double  grates,  heated 
tubes,  and  such  like  contrivances, — some  of  which  have  already 
been  noticed,  — overlooking  the  fact,  that  the  whole  question, 
as  regards  furnaces,  and  the  best  use  of  fuel,  depends  on  the 
bringing  the  solid  and  gaseous  constituents  of  the  coal  and  the 
atmospheric  air  together,  in  the  proper  way. 

When  these  so  called  inventions  came  to  be  examined,  it  was 
found  that  they  were  incapable  of  imparting  any  sensible  de- 
gree of  heat  to  the  great  volume  of  air  required.  That  they 
were,  in  fact,  but  so  many  proofs  of  the  ingenuity  of  their 
respective  advocates,  and  of  the  ease  with  which  the  public 
may  be  imposed  on  ; and  that  the  announcement  of  a scheme  for 
consuming,  or  of  preventing  smoke,  by  the  use  of  hot-air  was 
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a mere  professional  and  ad  captandum  averment,  based  on  no 
principle,  justified  by  no  proofs,  and  supported  by  no  chemical 
or  practical  authority. 

The  idea  that  there  was  some  undefined  value  in  the  use  of 
hot-air,  originated  in  the  hot-blast  system  in  the  manufacture  of 
iron.  The  principle  or  process  by  which  iron  may  be  melted 
has,  however,  so  little  relation  to  that  by  which  the  combustion 
of  the  coal  gas  in  furnaces  is  effected,  that  no  analogy  whatever 
exists  between  them. 

To  shew  in  a still  stronger  point  of  view  the  deception  prac- 
tised, either  on  themselves  or  on  others,  it  may  be  observed 
that  it  is  not  to  the  coke  or  incandescent  part  of  the  fuel  on  the 
bars  that  these  patentees  would  apply  the  hot  air,  (as  is  done  in 
the  iron  furnaces,)  but  to  the  gases  in  the  furnace  chamber, 
where  the  great  disproportion  between  the  relative  bulk  of 
the  air  required,  and  the  gas,  is  already  so  obstructive  of  rapid 
union  and  combustion,  and  one  of  the  great  difficulties  to  be 
encountered. 

With  reference  to  the  use  of  hot-air  in  boiler  furnaces,  no  in- 
quiry appears  to  have  been  made,  either  as  to  the  temperature 
to  which  its  advocates  would  raise  it ; or  even  whether,  by  any 
of  their  plans,- it  would  be  heated  at  all.  Still  there  was  some- 
thing so  plausible  in  the  enunciation  of  a plan  “ for  consuming 
smoke  by  means  of  hot  air,”  that  it  was  listened  to  by  many 
who  had  no  means  of  investigating  its  supposed  merits,  or 
detecting  its  fallacy. 

The  first  question  for  inquiry  here  is,  what  would  be  the 
effect  of  heating  the  air  before  it  would  be  introduced  into  the 
furnace  ? Chemically,  no  change  whatever  is  effected.  Mecha- 
nically, however,  an  important  change  takes  place,  namely,  that 
its  already  unwieldy  volume  is  still  further  increased.  Thus,  if 
a cubic  foot  of  air  be  heated  one  additional  degree,  its  bulk  will 
be  increased  part ; consequently,  if  heated  by  an  addition 
of  480  degrees,  its  bulk  will  be  doubled. 

Let  us  then  see  if  any  effect  be  produced  on  its  constituents 
by  this  enlargement  of  its  volume.  Let  Fig.  123  represent  a 
body  of  air  at  the  temperature  of  32°,  and  weighing  36  grains. 
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viz.,  28  grains  of  nitrogen,  and  8 grains  of  oxygen;  these  being 
the  proportions  as  they  exist  in  the  atmosphere. 


Fig.  123. 


Air  at  32°  = 36  grains  = 28  nitrogen,  8 oxygen. 


Again,  let  Fig.  124  represent  the  same  weight  of  air^  heated 
to  the  temperature  of  32  + 480  = 512° ; its  bulk  being  then 
doubled.  Nevertheless,  there  are  still  but  the  same  relative 
weights,  viz.,  28  grains  of  nitrogen  and  8 grains  of  oxygen,  and 
no  more. 


Fig.  124. 


Air  at  32°  = 36  grains  = 28  nitrogen,  8 oxygen. 


Now,  as  the  efficiency  of  the  air  in  producing  combustion 
and  generating  heat  is  not  in  the  proportion  of  the  bulk,  but  of 
the  weight  of  oxygen  it  contains,  nothing  has  been  gained  by  such 
increased  temperature  ; while  this  great  practical  disadvantage 
has  been  incurred  — that  double  the  volume  of  air  must  be  intro- 
duced into  the  furnace ; and,  of  course,  double  the  draught 
must  be  obtained  before  the  same  quantity  of  gas  can  be  con- 
sumed. 

The  practical  inconvenience  of  enlarging  the  volume  of  the 
air  by  heating  it  is  easily  illustrated;  for  if  the  oxygen  of 
^ 300,000  cubic  feet  of  air,  at  atmospheric  temperature,  be  re- 
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quired  for  combustion  of  one  ton  of  coal,  it  would  require  that 
of  600,000  cubic  feet  if  raised  to  512  degrees — a volume  which 
no  natural  draught  would  be  equal  to. 

Sir  H.  Davy  says,  — “ By  heating  strongly  gases  that  burn  with 
difficulty,  the  continued  inflammation  becomes  easy.”  Thus, 
as  they  are  more  easily  inflamed  when  hot  than  cold,  we  have 
this  testimony  in  favour  of  heating  the  gas  rather  than  the  air. 
With  reference  to  heating  the  air,  and  thus  expanding  it.  Sir 
H.  Davy  does  not  appear  to  have  attempted  it;  but  he  has 
done  what  was  more  to  the  point — he  tried  the  effect  of  condens- 
ing it.  Professor  Brande  says,  — ‘‘  Sir  H.  Davy  found  con- 
siderable difficulty  in  making  the  experiments  with  precision ; 
but  he  ascertained  that  both  the  light  and  heat  of  the  flames  of 
sulphur  and  hydrogen  were  increased  in  air  condensed  four 
times^"'  This  is  decisive  against  heating  the  air^  and  in  favour 
rather  of  condensing  it.* 

If,  as  already  shewn,  by  heating  the  air  we  necessarily  en- 
large its  bulk,  and  reduce  the  weight  of  oxygen  in  each  cubic 
foot,  we  as  necessarily  dimmish  its  efficacy  in  the  furnace. 
Under  such  circumstances,  the  only  alternative  would  be  the  in- 
creasing the  draught,  to  compensate  by  increased  quantity  for 
diminished  weight.  Were  it  possible  to  heat  the  air  without 
causing  any  enlargement  of  its  bulk,  we  should  then  be  in  a 
position  to  decide  on  the  relative  merits  of  air  at  any  given 
temperature.  As,  however,  that  is  impossible,  it  is  indisputable 
that  we  gain  nothing  by  heating  the  air,  more  especially  when 
we  do  so  by  the  suicidal  means  of  taking  heat  from  the  very 
furnace  in  which  it  was  to  be  used,  while  we  should  seriously 
embarrass  ourselves  by  having  to  increase  the  draught,  and 
which  could  only  be  done  by  some  mechanical  blowing 
apparatus. 

* Mr.  David  Mushet,  in  a letter  on  the  hot  air  fallacy,  well  describes  peo- 
ple flying  to  produce  a great  revolution  in  steam  engine  furnaces,  by  ap- 
plying hot  air  to  the  mere  combustion  of  coal ; ” and  settles  the  question  at 
once  when  he  says,  “ The  value  of  dense  air  in  promoting  combustion  is  so 
undeniably  established,  that  we  should  do  better  to  attempt  to  solidify  it,  in 
conttict  with  combustible  matter,  rather  than  to  volatilize  it.’’ 


207 


Again,  see  the  physical  difficulty  which  heating  the  air  would 
create  in  the  preliminary  operation  of  mixing : the  atoms  of  gas 
being  thrown  at  a greater  distance  from  each  other,  by  the 
enlargement  of  the  bulk  of  the  intervening  air,  as  shewn  in  the 
annexed  figures. 


The  large  circles  represent  atoms  of 
air,  and  the  small  black  circles  those 
of  the  gas  ; each  of  the  latter  being  in 
contact  with  four  of  the  former,  equal 
to  ten  times  its  volume. 


Fig.  126. 


Fig.  126  represents  the 
same  iveight  of  gas  and 
air;  the  only  difference 
being,  that  the  air  is 
shewn  with  its  enlarged 
volume  consequent  on  its 
increased  temperature. 

Here  is  truly  repre- 
sented what  would  occur 
by  heating  the  air,  the 
atoms  of  gas  being  thrown 
so  much  further  apart, 
and  consequently  pro- 
ducing a corresponding 
difficulty  in  effecting  that  atomic  mixture  which  is  the  main 
requisite  of  combustion.  Thus,  in  whatever  point  of  view  the 
subject  is  considered,  it  is  manifest  no  chemical  or  practical 
good  can  be  effected  by  heating  the  air. 

The  use  of  hot  air  having  engaged  the  attention  of  Mr. 
Prideaux,  in  connection  with  some  departments  of  the  manu- 
facture of  iron,  he  endeavoured  to  reduce  his  theory  to  practice ; 
but  candidly  admits  that  “ his  anticipations  were  not  realized.^' 
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His  observations,  however,  as  given  in  his  treatise  already  re- 
ferred to,  are  so  conclusive  against  the  use  of  hot  air,  and  so 
confirmatory  of  what  is  said  above,  that  it  can  only  be  a matter 
of  surprise  he  should  have  lent  himself  to  the  hot  air  fallacy. 

He  correctly  observes, — “ There  is,  no  doubt,  more  heat 
contained  in  the  products  of  combustion  from  a given  weight  of 
coal  and  air  heated  before  ignition,  to  720°,  than  would  be 
contained  in  the  products  of  the  same  quantities  hj  weight  of 
gases  ignited  at  the  temperature  of  60°.  When  we  take  given 
measures,  however,  instead  of  given  weights,  the  case  is  reversed.^' 

This  is  the  whole  case  of  the  furnace : it  is  not  the  measure  of 
the  air  introduced,  but  the  weight  of  oxygen  in  each  cubic  foot 
that  will  influence  the  amount  of  heat  generated.  His  reason- 
ing throughout  is  in  explanation  of  the  effect  of  hot  air  in 
diminishing  the  heat  of  the  working  chamber  of  reverberatory 
furnaces,”  and  he  might  add,  d fortiori  in  the  furnaces  of  boilers, 
where  no  aid  could  be  had  from  mechanical  draught  or 
pressure,  to  counteract  the  effect  of  that  increased  volume 
which  heating  the  air  would  produce. 

Again,  he  observes,  Whenever  I took  any  steps  to  effect 
this  object  in  the  puddling  furnace,  I encountered  the  fact,  that 
precisely  as  my  arrangements  for  heating  the  air  became  more 
perfect,  did  1 destroy  the  draught  through  the  fuel,  deaden  the 
fire,  and  lessen  the  yield  of  iron.  This  unexpected  result  I 
attributed  to  the  rarifaction  of  the  air  in  the  ash-pit.  When 
the  atmosphere  is  60°,  air  is  double  in  volume  at  568°.  When 
thus  rarified  a much  smaller  quantity  will  gass  in  a given  time,  under 
the  ordinary  ^pressure  of  the  atmosphere,  than  would  pass  were  the  air 
at  60°,  and,  consequently,  of  double  the  density.  The  result  is, 
a greatly  diminished  draught,  and  less  intense  combustion ; and 
it  is  to  not  having  rightly  appreciated  these  conditions  that  the  nu- 
merous failures  which  have  been  incurred  in  attempting  to  apply 
heated  air  to  furnaces,  must,  in  part,  be  attributed.'*^ 

Reasoning  cannot  be  more  correct,  and  at  the  same  time 
more  conclusive,  against  the  error  of  attempting  to  increase  the 
efficacy  of  the  air,  in  the  combustion  of  coal  gas,  by  heating  it. 


CHAPTER  XVI. 


ON  THE  INFLUENCE  OF  THE  WATER  GENERATED  IN 
FURNACES  FROM  THE  COMBUSTION  OF  THE 
HYDROGEN  OF  THE  GAS. 

Already  many  proofs  have  been  given  of  the  injurious  results 
of  the  tubular  system^  where  gas  and  flame  have  to  be  dealt 
with.  There  is  one  other  circumstance  still  to  be  mentioned, 
and  which  demands  particular  attention,  namely, — the  genera- 
tion of  a large  quantity  of  water  in  furnaces  in  which  coal  gas 
is  produced  and  consumed,  and  which,  being  in  the  form  of 
steam,  becomes  the  largest  product  of  that  combustion. 

In  the  ordinary  use  of  coal  gas,  the  presence  of  this  water  of 
combustion  attracts  no  attention, — generated  as  it  is  in  small 
quantities  from  the  flame  of  each  separate  burner.  From  the 
enormous  quantity  of  gas,  however,  which  is  hourly  generated 
and  consumed  in  large  furnaces,  the  great  quantity  of  water 
formed  will  be  found  accompanied  with  evils  of  a serious 
magnitude,  unless  due  provision  be  made  for  its  disposition. 
It  seems  strange  that  the  numerous  writers  on  the  construction 
of  boilers,  and  the  combustion  carried  on  in  their  furnaces  and 
flues,  should  have  omitted  all  reference  to  this  great  quantity 
of  water,  and  the  important  difference  in  the  mode  in  which  it 
is  disposed  of,  in  flue  and  tubular  boilers.* 

• It  appears,  by  a paper  read  at  the  Institution  of  Civil  Engineers,  June  13, 

1 843,  that  in  consequence  of  the  serious  injury  sustained  by  the  books  in  the 
Library  of  the  Athenaeum,  London,  the  attention  of  Mr.  Professor  Faraday, 
as  well  as  of  other  scientific  members,  was  drawn  to  the  subject  of  ventilating 
the  lamp  burners.  The  result  was  the  adoption  of  a system,  by  which  the 
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The  fact  of  this  great  quantity  of  water  being  produced 
admits  of  no  doubt.  Bituminous  coal,  we  have  seen,  contains 
from  5 to  6 per  cent,  of  hydrogen,  and  as  each  pound  of  hydro- 
gen, in  combustion,  combines  with  eight  pounds  of  atmospheric 
oxygen,  the  product  is  9 lbs.  of  water.  Each  hundred  weight 
of  coal  then,  containing  on  an  average  5^  lbs.  of  hydrogen, 
the  product  will  be  nearly  50  lbs.  of  water.  Thus  the  gas 
from  each  ton  weight  of  coal  will  produce  about  half  a ton 
weight  of  water,  in  the  form  of  steam. 

When  the  coal  gas  is  generated  in  the  furnace,  the  first 
operation  towards  its  combustion  is  the  union  of  its  hydrogen 
with  the  oxygen  from  the  air,  forming  water.  This  chemical 
union,  as  already  shewn,  produces  that  intense  heat  which 
raises  the  other  constituent — the  carbon,  to  the  temperature  of 
incandescence  in  the  form  of  bright  visible  flame.  It  is  this 
heat  which,  on  being  applied  to  some  solid  body,  as  charcoal,  or 
lime,  produces  the  extraordinary  luminosity  exhibited  in  the 
oxy-hydrogen  microscope. 

The  water  thus  formed,  flies  off  in  invisible  radii,  from  the 
surface  of  the  flame,  and  with  the  explosive  force  due  to  its 
high  temperature.  The  presence  of  this  water  may  be  made 
visible  by  approaching  any  cold  polished  metallic  body  (as  the 
blade  of  a table  knife),  near  to,  but  not  touching,  the  flame  of 
a candle.  The  previously  invisible  radii  of  step-m  will  then  be 
seen  condensed,  like  moisture,  on  the  polished  surface. 

This  may  be  exhibited  on  a larger  scale  by  holding  a new 
tin  kettle  of  cold  water,  with  a bright  bottom  surface,  one  or 
two  inches  above  the  glass  chimney  of  an  Argand  gas  burner. 
The  water  of  combustion  will  soon  appear  condensed  on  the 
bottom,  in  presence  of,  and  as  it  were  in  defiance  of,  the  great 
heat  to  which  it  is  exposed.  This  will  continue  until  the 
water  in  the  vessel  reaches  a temperature  of  80°. 

water,  and  other  products  of  the  combustion  of  the  gas,  are  effectually  carried 
away.  The  plan  consists  of  placing  a second  glass  cylinder,  larger  and  taller 
than  the  ordinary  one,  over  it.  This  outer  glass  is  closed  at  the  top,  and  the 
products,  passing  dowmwards  between  the  two  glasses,  are  carried  away  by  a 
metal  tube  to  the  chimney  stack. 
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Fig.  127. 


By  the  apparatus  shewn  in  the  annexed  Figure  127,  this 
water  may  not  only  be  condensed,  but  collected.  It  consists 
of  a tin  vessel,  a,  about  four  feet  long,  filled  with  cold  water: — 
the  flame  of  a large  gas  burner  B,  and  the  heated  products 
passing  through  the  flue  C,  slightly  inclined  from  c to  D,  to 
favour  the  escape  of  the  condensed  water  of  combustion. 

The  flame  and  other  products  of  the  gas  being  directed 
through  the  flue,  the  steam  will  be  condensed  within  it,  and 
the  water  will  continue  dropping  from  the  lower  end  into  the 
vessel  E,  as  long  as  the  flue  remains  suflficiently  cold ; — the 
other  products  passing  otF  by  the  funnel,  and  at  a very  low 
temperature. 

This  process  may  be  continued  for  any  length  of  time  by 
having  some  ice  in  the  water  to  keep  the  temperature  of  the 
flue  sufficiently  low  to  promote  immediate  condensation  of  the 
steam.  Here  the  flame  appears  literally  converted  into  water, 
these  being  the  only  two  of  its  products  that  are  visible. 

It  is  now  to  be  considered,  how  is  this  great  volume  of  steam 
to  be  disposed  of. 

In  boilers  on  the  flue  system  where  there  is  sufficient  room, 
^ this  steam  produces  no  injurious  effect,  by  reason  of  its  having 
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space  to  separate  itself  from  the  iianie,  as  rapidly  as  it  is 
generated. 

In  the  tubular  system,  however,  the  injurious  influence  of 
this  mass  of  steam  is  serious  and  palpable.  Instead  of  passing 
away  in  a flue,  with  a sectional  area  of  8 or  10  square  feet,  it 
is  forced  by  the  draught  into  the  hundreds  of  small  metallic 
tubes  of  but  2 or  3 inches  area,  and  thus  brought  into  imme- 
diate and  even  atomic  contact  with  the  flame  from  which  it  had 
just  been  separated^ — both  struggling  to  enter  their  narrow 
orifices  at  the  same  moment.  The  immediate  and  inevitable 
result  of  this  compulsory  mixture  is,  the  cooling  the  atoms  of 
the  carbon,  which  gave  luminosity  to  the  flame,  and  its  con- 
sequent extinguishment,  precisely  as  the  steam  formed  by  the 
combustion  in  Phillips’  fire  annihilator  acts  on  flame,  when 
brought  into  contact  with  it.  By  the  tubular  system,  the 
great  body  of  steam  being  thus  mechanically  compressed  into 
the  closest  possible  contact  with  the  flame  on  entering  the 
mouths  of  the  tubes,  is  compelled  to  act  the  part  of  the 
annihilator. 

It  is  this  artificial  mixture  of  the  dry  carbon  with  the  steam 
that  forms  the  sooty  incrustation  in  the  interior  of  the  tubes, 
flues,  and  chimney.  Were  it  not  for  the  presence  of  this 
steam,  the  dry  pulverulent  carbon,  such  as  we  see  collected  on 
the  wick  of  a tallow  candle  (where  the  new-formed  water  has 
no  access  to  it)  would,  from  its  levity  and  dryness,  pass  oflf 
rapidly  by  the  chimney:  forced,  however,  into  contact  with  the 
steam,  a black,  pasty,  non-conducting  mass  is  formed,  adhering 
to  whatever  it  touches,  and  soon,  from  the  heat,  becoming  hard 
and  solid. 

It  need  scarcely  be  observed,  that  nothing  of  this  kind  occurs 
in  the  tubes  of  the  locomotive;  no  hydrogenous  g^  being  gene- 
rated— no  steam  of  combustion  formed,  and,  consequently,  no 
carbon  or  soot  deposited. 

The  provision  which  nature  has  made  for  the  immediate 
separation  of  the  water  from  the  heated  flame  may  be  noticed 
in  what  takes  place  in  the  flame  of  a candle.  When  left  to 
themselves,  the  several  products  of  the  combustion  of  the  gas, 
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rapidly  and  effectually  separate,  so  as  not  to  interfere  with  eacli 
other,  or  reduce  the  high  temperature  on  which  perfect  com- 
bustion and  luminosity  depend. 

In  the  flame  of  a candle,  the  undecomposed  and  unconsumed 
gas  appears  surrounding  the  wick,  and  in  the  centre  of  the  bril- 
liant incandescent  carbon.  Outside  this  white  exterior,  and 
forming  a semi-transparent  film  of  iV  of  an  inch  in  diameter, 
may  be  observed  the  vertical  stream  of  carbonic  acid  gas,  the 
product  of  the  carbon ; while  that  of  the  other  constituent,  the 
hydrogen,  were  it  visible,  would  be  seen,  flying  off  in  radii,  until 
absorbed  into  the  surrounding  atmosphere. 

Fig.  128. 
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Fig.  12‘». 


The  annexed  Fig.  128  will  represent  a vertical,  and  Fig.  129 
a cross  section  of  the  flame : a representing  the  carbonic  acid, 
and  h the  radiating  steam.  Instead  of  imitating  this  process 
of  nature,  in  keeping  asunder  those  several  products  (carbonic 
acid,  nitrogen,  and  steam,)  which  would  neutralize  each  other, 
we  force  them  into  the  most  unnatural  mixture  and  union, 
regardless  of  their  chemical  action  when  brought  into  contact. 
We  here  see  how  absolutely  necessary  it  is  that  in  every  stage 
and  process  of  combustion  we  keep  in  view  those  truths  of 
nature  which  chemistry  has  so  clearly  indicated. 


CHAPTER  XYIl. 


ON  INCREASING  THE  HEAT-TRANSMITTING  POWER 

OP  THE  INTERIOR  PLATE  SURFACE  OF  BOILERS. 

This  branch  of  the  subject  has  hitherto  been  entirely  over- 
looked. Inquiry  has  shewn  that  the  mere  providing  a large 
internal  surface  will  not  suffice  for  taking  up  the  heat  generated 
in  large  furnaces ; and  that,  to  turn  to  account  any  portion  of 
that  which,  under  the  best  arrangement,  is  now  absolutely  lost, 
we  must  look  to  other  means  than  the  tubular  system. 

The  question  for  consideration  is,  whether  an  iron  plate  can- 
not be  made  to  transmit  more  heat  to  the  water  than  is  due  to 
its  mere  superficial  area.  From  what  has  been  shewn  of  the 
slow  rate  at  which  the  air  enters  the  furnace,  when  mechanically 
divided  into  jets  or  films,  we  are  not  to  infer  that  the  gaseous 
products,  when  raised  to  a high  temperature  within  the  furnace, 
would  pass  through  the  flues  at  the  same  slow  rate.  On  the 
contrary,  we  find  those  products  are  hurried  across  the  face  of 
the  plates  at  a considerably  increased  velocity.  This  it  is  which 
calls  for  increased  means  of  transmission  from  the  heat  to  the 
water,  when  larger  engine  powers  are  employed,  and  more  fuel 
is  consumed. 

Under  the  most  favorable  circumstances  of  boilers,  a larger 
portion  of  heat  will  be  lost  than  would  be  required  for  merely 
producing  the  necessary  draught.  Experiments  were,  therefore, 
made  with  the  view  of  counteracting  this  great  waste  of  heat, 
and  which  established  the  fact,  that  it  was  possible,  to  a certain 
extent,  to  increase  the  quantity  of  heat  transmitted  by  any 
given  surface  of  plate.  It  is  true  a plate,  10  feet  by  10,  equal 
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to  100  square  feet,  presents  the  same  amount  of  surface  area 
as  one  of  100  feet  long  by  1 foot  wide.  As  a steam  generator, 
however,  the  effect  would  be  very  different: — the  lineal  run  or 
distance  travelled  over  being  as  ten  to  one,  and  occupying  ten 
seconds  of  time  in  the  first,  and  but  one  second  in  the  other. 

When  the  gaseous  products  of  combustion  are  carried  through 
flues  or  tubes,  this  lineal  current  passes  at  right  angles  to  the  line 
of  transmission  of  the  heat  through  the  plate.  If,  however,  we 
heat  one  end  of  a rod  of  iron,  a large  conducting  power  is 
brought  into  action,  the  heat  passing  longitudinally  along  its 
fibres.  Now  this  is  the  power  that  has  been  here  rendered 
available. 

Independently  of  the  conducting  power  which  a metallic  pin 
or  rod  may  have,  it  possesses  then  a receiving  power,  greater 
than  is  due  to  its  mere  diameter. 

Suppose  an  iron  or  copper  pin  of  half  an  inch  diameter,  in- 
serted in  a plate,  and  projecting  into  the  flue  three  inches  beyond 
its  surface^  and  across  the  current  of  the  heated  products.  In  such 
case  the  portion  of  such  plate  occupied  by  it  will  be  equal  to  a 
disc  of  but  half  an  inch  in  diameter,  while  the  pin  itself  will 
present  a heat  receiving  surface  of  4^  inches.  By  this  means 
we  obtain  an  effective  heat  receiving  surface  nine  times  greater 
than  the  area  of  the  plate  which  the  pin  occupied.  If,  then,  a 
series  of  these  conductors  be  inserted  in  the  flue  and  furnace 
plates,  there  will  be  an  increased  effect  from  the  circumstance 
of  the  current  of  the  heated  products  being  directed  against  them, 
instead  of  passing  along  the  surface  of  the  plate. 

The  popular  impression  that  the  three-legged  pot  boiled 
sooner  than  the  one  without  legs,  though  it  passed  as  a fable, 
was,  nevertheless,  a true  one, — the  legs  acting  the  part  of  heat 
conductors.  This  was  tested  by  having  a large  pitch-pot  con- 
structed with  twenty  legs  instead  of  three — the  bottom  being 
thus  furnished  with  so  many  projecting  conductors,  each  six 
inches  long.  The  result  was,  that  pitch  or  water  was  more 
rapidly  boiled  in  this  than  in  one  of  the  ordinary  kind.  The 
principle  of  projecting  heat  conductors  thus  was  shewn  to  be 
entitled  to  attention  and  practically  available. 


217 

F\g.  130. 


218 


The  following  experiment  is  illustrative  of  the  increased 
evaporative  effect  produced  by  the  conductor  pins.  In  Fig. 
130,  1 and  2 are  tin  vessels  containing  the  same  quantity  of 
cold  water,  1 being  furnished  with  the  conductors  made  of  ^ 
copper  wire,  and  2 left  plain  ; a thermometer,  4,  being  suspended 
in  each : 5 is  a vertical  flue,  through  which  the  j)roducts  from 
the  flame  of  a large  gas-burner  passed.  Fig.  131  is  a sec- 
tional view  of  the  same.  The  temperature  in  both  vessels  was 
taken  in  two-minutes’  time.  The  following  are  the  progressive 
rates  at  which  the  water  was  raised  to  the  boiling  point. 


Pan  loith  Conductors.  Pan  without  Conductors. 


Initial  Temperature, 

61° 

Initial  Temperature,  61° 

16  . 163° 

After  2 

minutes. 

75° 

After  2 minutes,  70° 

18  . 171° 

jj 

4 

if 

95° 

„ 4 

„ . 82° 

20  . 181° 

jj 

6 

if 

124° 

„ 6 

» . 101° 

22  . 188° 

* 

8 

if  • 

151° 

„ 8 

„ . 118° 

24  . 196° 

jj 

10 

if 

177° 

„ 10 

„ . 130° 

26  . 203° 

if 

12 

a • 

201° 

» 12 

,,  . 146° 

28  . 210° 

if 

13 

if 

212° 

» 14 

„ . 156° 

29  . 212° 

Thus  it  appears  that  the  water  in  the  pan  with  the  heat  con- 
ductors, was  raised  to  the  temperature  of  212°  in  13  minutes, 
while  that  in  the  plain  pan  required  29  minutes. 

The  following  experiment  shews  still  further  the  value  of 
assisting  the  evaporative  power  by  the  aid  of  these  conductors. 

Three  tin  boilers,  as  in  the  annexed  figures,  were  placed  in 
connection  with  a large  laboratory  gas  burner.  In  each  was 
put  22  lbs.  of  water ; 30  cubic  feet  of  gas  were  consumed  in 
each  experiment,  in  two  hours  and  forty  minutes.  The  result 
was  as  follows  : — 

lbs.  oz. 

No.  132,  without  conductors,  evaporated  4 14  of  water. 

133,  with  conductors  on  one  side  only  7 14  „ 

134,  with  conductors  projecting  on 

both  sides  . . . .85  „ 
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Fig.  132. 
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The  quantity  of  gas  consumed  was  the  same  in  both  cases, 
— the  heat  generated  was  the  same, — the  area  of  flue  plate 
was  the  same, — the  difference  in  effect  was  therefore  alone 
produced  by  the  greater  quantity  of  heat  transmitted  to  the  water, 
longitudinally,  through  the  conductors. 

In  this  case,  the  heat  conveyed  to  the  water,  and  that  es- 
caping by  the  funnel,  shewed  that  where  the  waste  heat  was 
greatest,  the  evaporative  power  was  necessarily  the  least. 


Fig.  132. 

Pan  without  Conductors. 


Gas  consumed. 

Heat  of  Water. 

Heat  escaping. 

• • 

. . . 58  . 

62 

5 feet 

. 120  . 

. 382 

10 

. 152  . 

. 390 

15 

. 162  . 

. 395 

20 

. 164  . 

. 396 

25 

. 166  . 

•.  402 

30 

. 166  . 

. 406 

988 

2432 

Evaporated  4 lbs.  14  ounces. 

Fig.  133. 

Pan 

with  Conductors  projecting 

on  one  side. 

Gas  consumed. 

Heat  of  Water.  . 

Heat  escaping. 

• • 

. 58  . 

62 

5 feet 

. 143  . 

. 257 

10 

. 160  . 

. 280 

15 

. 172  . 

. 385 

20 

. 178  . 

. 392 

25 

. 186  . 

. 300 

30 

. 188  . 

. 320 

1085 

1996 

Evaporated  7 lbs.  13  ounces. 
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Fig.  134. 


Pan 

with  Conductors  'projecting 

on  both  sides. 

Oils  consumed. 

Heat  of  Water. 

Heat 

escaping 

• • 

58 

62 

5 feet 

. 152  . 

248 

10 

. 174  . 

273 

15 

. 178  . 

276 

20 

. 182  . 

278 

25 

. 186  . 

282 

30 

. 188  . 

284 

1110  1703 

Evaporated  8 lbs.  5 ounces. 


The  comparison  of  the  three  pans  then  stands  thus  : — 


Heat  retained. 

Heat  lost. 

1 

Pans  without  conductors 

988 

2432 

2 

„ single  conductor  . 

1085 

1996 

3 

„ double  conductor  . 

1110 

1703* 

Numerous  instances  might  here  be  given  of  the  successful 
application  of  these  heat  conductors  both  in  land  and  marine 
boilers,  in  which  several  thousands  of  3-inch  pins  have  been 
inserted,  and  where  they  have  been  for  years  doing  constant 
duty  without  a single  failure  or  leakage. 

It  is  here  worthy  of  remark  that  M.  Peclet,  in  his  Traite  de  la 
Chaleur,  has  suggested  a similar  mode  of  increasing  the  trans- 
mitting power  of  a given  area  of  a plate.  He  begins  by  dis- 
tinguishing the  three  characteristics  of  a plate.  First, — the 
reception  of  heat  by  one  side.  Second, — its  emission  from  the 
other  side.  And  Third,  the  power  of  conduction  through  the 
body  or  thickness  of  the  plate.  He  then  observes  that  a plate 
of  metal  has  the  power  of  transmitting  far  more  heat  than  it  is 

* These,  and  other  experiments  in  illustration  of  the  same  results,  were 
published  in  the  Mechanics’  Magazine,  in  1842. 
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really  and  practically  called  on  to  tranainit,  on  account  of  the 
current  by  which  the  heat  is  hurried  along  the  face  of  it. 

Among  the  modes  of  counteracting  this  rapid  current,  he 
observes : — If  the  plates  were  crossed  hy  metallic  bars,  which 
shoidd  project  to  a certain  extent  into  both  fluids  (gaseous  or  liquid), 
one  of  which  was  to  heat  the  other,  the  extent  of  surface  con- 
tact being  increased  (by  the  bars),  the  quantity  of  heat  transmitted 
would  be  increased,  and  the  more  so,  as  the  stratum  or  film  of  the 
fluid  in  contact  with  the  bars  would  be  continually  changing.” 
He  then  supposes  a case  of  hot  air  (as  the  products  of  combus- 
tion in  a flue)  passing  through  a tube  surrounded  by  water, 
to  which  the  heat  was  to  be  conveyed,  and  being  traversed  by 
metallic  bars  projecting  both  inwards  and  outwards.  In  such  case 
the  interior  projections  will  become  heated,  and  this  heat, 
passing  along  the  bars,  will  be  given  out  from  their  surfaces.  It 
will  here  be  seen  that  this  is  identical  with  the  illustrations 
here  given. 

M.  Peclet  observes,  that  this  arrangement  has  not  hitherto  been 
put  in  practice.  He  was  not  aware,  however,  it  may  be  assumed, 
that  it  had  been  previously,  and  many  years,  in  practice  both  in 
land  and  marine  boilers. 

Conductor  pins  were  applied  to  the  boilers  of  a six-horse 
engine.  The  result  was,  that  each  inch  deep  of  water  which 
previously  required  28  minutes  to  evaporate,  was,  by  means  of 
the  conductors,  done  in  21  minutes.* 

Encouraged  by  these  results,  conductor  pins  have  been,  during 
the  last  12  years,  introduced  into  many  marine  and  land  boilers 
with  unquestionable  success.  After  many  years  of  observation 
as  to  their  durability,  the  conclusion  is,  that  a projection  into 
the  flues  of  3 inches  is  the  most  advisable.  If  longer,  they 
will  burn  away  to  about  that  length. 

* Dr.  Ure,  impressed  with  the  same  view,  made  some  experiments  A\dth 
corrugated  plates.  The  effect,  he  observes,  (see  his  Dictionary  of  Arts,)  was 
remarkable  : the  water  evaporated  when  the  current  of  heated  products  passed 
across  the  corrugations,  and,  as  it  were,  striking  against  them  ; being  so  much 
greater  than  when  it  ran  in  the  same  direction.  On  the  same  principle,  the 
heat  transmitted  was  increased  when  the  ciurent  of  the  products  was  inter- 
cepted by  the  conductors. 
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Supposing  the  conductor  to  be  made  of  halt  inch  rods  and 
inserted  at  intervals  of  3 inches,  the  strength  of  the  plate  has 
been  tested  and  found  to  be  rather  improved,  the  conductor 
pins  apparently  acting  the  part  of  floor  bridging,  and  giving 
increased  stiffness. 

Supposing  the  area  of  the  flue  to  be  two  feet  square,  then 
the  introduction  of  the  pin  conductors  may  be  as  shewn  in  the 
annexed  Fig.  135.* 


Fig.  135. 


As  illustrative  of  the  mode  and  extent  to  which  the  system 
has  been  practically  applied,  Fig.  136  and  Fig.  137  represent  a 
plan  and  section  of  the  boilers  of  “ The  Royal  William,^^ 
These  boilers  have  been  in  constant  use  for  the  last  5 years, 
and  with  the  most  perfect  success  as  regards  economy  of  fuel, — 
freedom  from  the  smoke  nuisance, — evaporative  power,  and 
durability ; — the  number  of  conductor  pins  are  4359. 

* The  principle  of  these  conductor  pins  has  been  adopted  in  sugar  boiler 
pans,  and  other  descriptions  of  evaporative  vessels  ; and  would  no  doubt  be 
applicable  to  the  operations  of  brewing  and  distilling. 
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Fig.  13G. 
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The  plan  of  the  boiler  described  as  Lamb  and  Summers’ 
patent,  may  here  be  given,  inasmuch  as  one  of  its  peculiarities 
is  connected  with  the  use  of  the  heat  conductors,  and  precisely 
corresponding  with  the  description  given  by  M.  Peclet, — the 
flue  being  traversed  hy  metallic  bars'^  and  which  here  act  the 
double  purpose  of  stays  (as  in  locomotive  boilers)  and  heat 
conductors. 

In  the  boilers  of  the  Peninsular  and  Oriental  Steam 
Company’s  Ship  Pacha, as  in  Figures  138  and  139,  the  stays 
which  act  the  important  part  of  double  heat  conductors  are  of 
fth-inch  iron;  of  these  there  are  1920,  and  as  they  act  effectu- 
ally on  the  water  spaces  on  each  side,  do  the  duty  of  3840  most 
effective  heat  conductors. 

The  Patentees  state  that  the  superiority  of  this  plan  over 
the  common  tubular  **  consists  in  the  facility  for  cleaning ; that 
is,  for  the  removal  of  the  scale  or  deposit  which  takes  place  so 
largely  in  the  boilers  of  sea-going  vessels.  The  vertical  water 
spaces  of  these  boilers  afford  an  easy  means  of  cleaning  the  sides 
of  the  flues,  and  so  enable  the  water  to  come  in  contact  with  the 
iron  flue.  That  in  tubular  boilers  the  horizontal  position  of  the 
water  spaces  between  the  tubes  renders  it  an  Impossibility  to 
clean  them ; the  consequence  of  which  is,  that  a constant  suc- 
cession of  deposit  takes  place.  The  flues  of  boilers  which  have 
been  constantly  at  work  since  1850  present  no  appearance  of 
deterioration.” 
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Fig.  138. 
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Fig.  139. 


The  principle  is  too  self-evident  to  avoid  adoption  hereafter 
in  all  descriptions  of  vessels  where  heat  has  to  be  communicated, 
or  abstracted. 


CHAPTER  XVIII. 


ON  THE  GENERATION  AND  CHARACTERISTICS  OP 

SMOKE. 

So  much  has  been  said  and  credited  on  the  subject  of  the  hurn- 
ing  and  comhustion,  and  even  consumption,  of  smoke  ; and  it  has 
been  so  often  asked.  What  is  smoke  ? that  the  subject  cannot 
here  be  dismissed  without  comment. 

Dr.  Lardner  has  observed,  that  on  coal  being  thrown  on  a 
furnace,  a smoke  will  arise,  which,  passing  into  the  flue  over 
the  burning  coal,  will  be  ignited.”  With  equal  correctness 
might  he  have  said,  that  on  coal  being  thrown  into  a heated 
retort,  a smoke  will  arise,  which,  passing  into  tubes,  is  con- 
veyed to  our  apartments,  and  there  ignited,  giving  out  both 
light  and  heat.  When  palpable  errors  in  description  are  com- 
mitted by  scientific  men,  it  can  be  no  matter  of  surprise  that  an 
unobservant  public  should  become  familiarized  with  such 
absurdities  as  smoke  burning,”  and  smoke -consuming, 

furnaces.” 

Before  the  characteristics  of  combustible  gases  were  known, 
it  was  natural  that  all  coloured  vapours,  rising  from  heated 
bodies,  should  be  called  smoke.  So  soon,  however,  as  the  pro- 
perties of  the  several  gases  were  correctly  ascertained,  through 
the  researches  of  Davy  and  Dalton,  the  misapplication  of  the 
term  became  unpardonable  on  the  part  of  those  who  profess  to 
be  public  instructors  on  the  subject. 

The  gas  from  which  smoke  proceeds,  in  a furnace  or  retort, 
is  carburetted  hydrogen.  The  constituents  of  this  gas  have 
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been  already  described ; each  atom  consisting  of  two  atoms  of 
hydrogen  and  one  of  carbon.  This  latter  we  are  warranted  in 
assuming  to  be  a solid,  contained,  and  concealed  from  view,  by, 
or  within  the  gaseous  volume  of  the  hydrogen,  since  carbon  has 
never  yet  been  produced  in  the  form  of  a gas,  nor  hydrogen  in 
that  of  a solid.  It  is  only  when  their  chemical  union,  in  the  form 
of  the  coal  gas,  is  broken  up,  that  the  carbon  becomes  visible 
and  tangible.  Now  this  circumstance  alone  furnishes  an  un- 
erring test  of  the  difference  between  gas  and  smoke;  a distinc- 
tion which,  we  shall  see,  is  capable  of  physical  proof. 

When  we  see  a dark  yellow  vapour  rising  from  heated  coal, 
as  at  the  mouth  of  a retort,  or  from  a furnace,  or  domestic  fire, 
after  fresh  coal  has  been  thrown  on,  this  colour  is  not  occasioned 
by  the  presence  of  carbon,  but  is  caused  by  the  sulphur,  tar,  or 
earthy  impurities  which  might  happen  to  be  in  the  coal.  All 
these  are  subsequently  separated  from  the  carburetted  hydro- 
gen in  the  purifying  process — the  gas  remaining  transparent — 
so  minute  are  the  several  atoms  of  the  carbon,  and  so  diffused 
are  they  when  in  connection  with  the  hydrogen.  That  the 
solid  carbon  is  there,  notwithstanding  this  transparency,  is 
proved  by  its  subsequent  liberation ; as  when  a polished  body 
is  thrust  into  the  flame  of  a candle  or  gas  jet,  and  brought  out 
with  a deposit  of  the  carbon  on  it.  Carbon,  in  fact,  when  in 
chemical  union  with  gaseous  matter,  is  always  invisible  and  in- 
tangible. The  following  experiment  will  sufficiently  illustrate 
these  facts,  exhibiting  both  the  gas  and  the  smoke  in  their 
separate  states  of  existence,  and  with  their  separate  charac- 
teristics. 
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Fig.  140  represents  a tin  vessel  a,  capable  of  holding  a quart 
measure ; in  it  was  placed  some  small  coal,  resin,  and  tar,  to 
produce  a quick  and  large  development  of  gas.  The  lid  being 
removed,  an  iron,  h,  made  red  hot,  was  introduced,  and  the 
vessel  again  close  covered.  A small  tube  is  then  inserted  at  c, 
to  be  blown  into,  as  into  a blow-pipe,  to  expel  the  gas  in  a 
stream. 

By  blowing  through  this  tube,  a copious  volume  of  the  gas 
will  issue  from  the  nozzle  d.  That  the  carbon  in  this  gas  is 
inaccessible,  is  proved  by  presenting  a sheet  of  paper  to  the 
stream,  and,  although  it  may  be  slightly  stained,  if  there  be 
much  tar  present,  no  carbon,  however,  will  be  deposited. 

On  this  stream  of  gas  (many  inches  long,)  being  lighted,  a 
lurid  flame  will  be  produced,  but  which,  becoming  cooled  down 
before  it  can  be  sufficiently  mixed  with  the  air,  produces  a 
large  volume  of  true  smoke.  Here,  then,  is  exhibited  the  gas, 
the  flame,  and  the  smoke,  at  the  same  moment,  and  in  succession. 


Fig.  140. 
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just  as  they  are  produced  in  the  furnace, — the  gas  being  con- 
verted into  flame,  and  the  flame  into  smoke. 

Now  let  us  examine  the  characteristics  of  each.  The  carbon 
in  the  gas,  as  already  mentioned,  is  inaccessible,  being  con- 
cealed by  or  within  the  atoms  of  hydrogen  respectively,  and 
cannot  be  separated,  or  deposited  on  the  paper.  On  being 
lighted,  the  hydrogen  combines  with  the  oxygen  of  the  air 
forming  steam,  which  flies  ofi*,  as  already  described.  The  re- 
sult is,  the  liberation  of  tlie,  atoms  of  carbon j either  to  be  converted 
into  carbonic  acid,  (if  the  heat  can  be  continued,)  or  deposited 
in  the  form  of  the  fine  lamp-black  powder,  as  we  see  it  col- 
lected on  the  wick  of  the  tallow  candle.  This  may  be  tested 
by  presenting  the  white  paper  to  it,  when  a large  quantity  of 
this  black  carbon  will  be  deposited  on  it.  We  here  see  the 
double  error  of  mistaking  smohe  for  gasj  and  then  assuming  that 
the  former  can  be  burned. 

It  may  be  well  here  to  notice  an  error  with  which  we  are 
generally  impressed,  namely,  that  the  cloudy  volume  of  smoke, 
as  we  see  it  issuing  from  a chimney,  and  filling  a large  space 
in  the  atmosphere,  is  formed  of  carbonaceous  matter. 

With  equal  propriety  might  we  say,  if  we  put  a few  drops 
of  ink  into  a glass  of  clear  water,  and  thus  give  it  a blackened 
colour,  that  the  whole  would  become  a mass  of  ink.  This 
black  cloud  is  merely  the  great  mass  of  steamy  or  watery  va- 
pour, formed  in  the  furnace,  as  already  described,  but  coloured 
by  the  carbon;  and  when  we  consider,  that  no  less  than  half  a 
ton  weight  of  water  (in  the  expanded  form  of  steam ) is  produced 
from  every  ton  weight  of  bituminous  coal  consumed,  we  can 
easily  account  for  the  enormous  volume  and  mass  of  this 
blackened  vapour  called  smoke,  as  it  appears  to  our  vision,  and 
the  palpable  error  of  supposing  that  this  cloud  of  incombustible 
matter  was  capable  of  being  consumed,  or  converted  to  the 
purposes  of  heat. 

Were  it  not  for  this  mass  of  steam  the  carbon  would  soon 
fall,  as  a cloud  of  black  dust ; but,  being  intimately  and  atomi- 
cally mixed  with  the  large  volume  of  steam  from  the  furnace, 
it  is  carried  along  by  the  atmosphere,  only  differing  in  colour. 
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like  the  cloud  of  steam  we  see  issuing  from  the  chimney  of  a 
locomotive  when  in  action. 

With  the  view  of  bringing  the  subject  to  the  test  of  high 
chemical  experience  and  authority,  I submitted  to  Professor 
Brande  the  following  extracts  from  a printed  paper,  being  the 
substance  of  one  of  my  communications  to  a public  auditory  in 
Manchester,  and  here  give  his  reply. 

To  W.  T.  Br,and?^  Esq.,  Ltmdon. 

“ Liverpool,  Nov.  25,  1841. 

My  dear  Sir, — With  this  you  will  receive  a copy  of  a printed  paper  on 
the  ‘ Generation  of  Smoke,’  written  by  me  for  the  purpose  of  explaining  the 
grounds  on  which  I object,  chemically,  to  the  use  of  the  ta^m,  ‘ the  burning  or 
combustion  of  smoke,'  as  applied  by  patentees  to  their  respective  plans  of 
furnaces.  This  paper  was  intended  not  only  as  a justification  of  myself,  as 
regards  the  chemistry  of  combustion,  and  the  objects  and  effects  of  my  own 
furnace,  but  as  a reply  to  the  ‘smoke-burning’  views  of  others,  to  which  I 
am  necessarily  opposed. 

“ Wishing  to  have  your  views,  professionally,  on  the  chemical  part  of  the 
subject,  as  stated  by  me  in  this  paper,  I have  to  request  your  opiniop  on  the 
same. 

I am,  very  truly  yours, 

“ C.  W.  WILLIAMS.” 


“ON  THE  COMBUSTION  OF  COAL  AND  THE  PREVENTION 

OP  SMOKE. 

A consideration  of  the  nature  of  the  products  into  which  the 
combustible  constituents  of  coal  are  converted  in  passing 
through  the  furnace  and  flues  of  a boiler,  will  enable  us  to 
correct  many  of  the  practical  errors  of  the  day,  and  ascertain 
the  amount  of  useful  effect  produced,  and  waste  incurred. 
These  products  are : 

1st.  Steam— highly  rarified,  invisible,  and  incombustible. 

2nd,  Carbonic  acid— invisible  and  incombustible. 

3rd.  Carbonic  oxide — invisible,  but  combustible. 

4th.  Smoke— visible,  partly  combustible,  and  partly  incom- 
bustible. 
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Of  these,  the  two  first  are  the  products  of  perfect  combus- 
tion, the  latter  two  of  imperfect  combustion. 

The  first — steam — is  formed  from  that  portion  of  the  hydro- 
gen (one  of  the  constituents  of  coal  gas,)  which  has  combined 
chemically  with  its  equivalent  of  oxygen  from  the  air — in  the 
proportion  of  one  volume  of  hydrogen  to  half  a volume  of 
oxygen  ; or,  in  weight,  as  1 is  to  8. 

The  second — carbonic  acid — is  formed  from  that  portion  of 
the  constituent,  carbon,  which  has  chemically  combined  with 
its  equivalent  of  oxygen,  in  the  proportion  of  16  of  oxygen  to 
6 of  carbon,  in  weight ; or,  in  bulk,  of  one  volume  of  the  latter 
to  two  of  the  former. 

The  third — carbonic  oxide — is  formed  from  that  portion  of 
the  carbonic  acid  which,  being  first  formed  in  the  furnace, 
takes  up  an  additional  portion  of  carbon  in  its  passage  through 
the  ignited  fuel  on  the  bars,  and  is  then  converted  from  the 
acid  into  the  oxide  of  carbon ; thus  changing  its  nature  from  an 
incombustible  to  a combustible.  This  additional  weight  of 
carbon  so  taken  up,  being  exactly  equal  to  the  carbon  forming 
the  carbonic  acid,  necessarily  requires  for  its  combustion  the 
same  quantity  of  oxygen  as  went  to  the  formation  of  the  acid. 

The  fourth— -smoke— is  formed  from  such  portions  of  the 
hydrogen  and  carbon  of  the  coal  gas  as  have  not  been  supplied 
or  combined  with  oxygen,  and,  consequently,  have  not  been 
converted  either  into  steam  or  carbonic  acid. 

The  hydrogen  so  passing  away  is  transparent  and  invisible ; 
not  so,  however,  the  carbon,  which,  on  being  so  separated  from 
the  hydrogen,  loses  its  gaseous  character,  and  returns  to  its 
natural  and  elementary  state  of  a black,'pulverulent,  and  finely- 
divided  body.  As  such,  it  becomes  visible ^ and  this  it  is  which 
gives  the  dark  colour  to  smoke. 

Not  sufl&ciently  attending  to  these  details,  we  are  apt  to  give 
too  much  importance  to  the  presence  of  the  carbon,  and  have 
hence  fallen  into  the  error  of  estimating  the  loss  sustained  by 
the  blackness  of  the  colour  which  the  smoke  assumes,  without 
taking  any  note  of  the  invisible  combustibles,  hydrogen  and 
carbonic  oxide,  which  accompany  it.  The  blackest  smoke  is, 
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therefore,  by  no  means  a source  of  the  greatest  loss ; indeed, 
it  may  be  the  reverse ; the  quantity  of  invisible  combustible 
matter  it  contains  being  a more  correct  measure  of  the  loss 
sustained  than  could  be  indicated  by  mere  colour. 

This  will  be  still  more  consistent  with  truth,  should  any  of 
the  gas  (carburetted  hydrogen,)  escape  undecomposed  or 
unconsumed,  as  too  often  is  the  case. 

In  the  ordinary  acceptation  of  the  term  “ smoke,”  we  under- 
stand all  the  products,  combustible  and  incombustible,  which 
pass  off  by  the  flue  and  chimney.  When,  however,  we  are 
considering  the  subject  scientifically,  and  with  a view  to  a 
practical  remedy  against  the  nuisance  or  waste  it  occasions,  we 
must  distinguish  between  the  gas  as  it  is  generated,  and  that 
which  is  the  result  of  its  imperfect  combustion.  In  fact,  with- 
out precise  terms  and  reasoning,  we  disqualify  ourselves  from 
obtaining  correct  views  either  of  the  evil  or  the  remedy. 

Now,  let  us  look  at  this  gas,  which  we  are  desirous  of  con- 
verting to  the  purposes  of  heat,  under  the  several  aspects  in 
which  it  may  be  presented  under  the  varying  degrees  of  tem- 
perature, or  supplies  of  air. 

In  the  first  instance,  suppose  the  equivalent  of  air  to  be 
supplied  in  the  proper  manner  to  the  gas,  namely,  by  jets,  for 
in  this  respect  the  operation  is  the  same  as  if  we  were  supply- 
ing gas  to  the  air,  as  in  the  Argand  gas-lamp.  In  such  case, 
one  half  of  the  oxygen  absorbed  goes  to  form  steam,  by  its 
union  with  the  hydrogen ; while  the  other  half  forms  carbonic 
acid,  by  its  union  with  the  carbon.  Both  constituents  being 
thus  supplied  with  their  equivalent  volumes  of  the  supporter, 
the  process  would  here  be  complete — perfect  combustion  would 
ensue,  and  no  smoke  be  formed ; the  quantity  of  air  employed 
being  ten  times  the  volume  of  the  gas  consumed.  (See  Fig.  141.) 

Again,  suppose  that  but  one  half,  or  any  other  quantity, 
less  than  the  saturating  equivalent  of  air  were  supplied.  In 
such  case,  the  hydrogen,  whose  afiSnity  for  oxygen  is  so 
superior  to  that  of  carbon,  would  seize  on  the  greater  part  of 
'this  limited  supply;  while  the  carbon,  losing  its  connection  with 
the  hydrogen,  and  not  being  supplied  with  oxygen,  would 
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assume  its  original  black,  solid,  pulverulent  state,  and  become 
true  moke.  The  quantity  of  smoke  then  would  be  in  proportion 
to  the  deficiency  of  air  supplied. 

But  smoke  may  be  caused  by  an  eoccess  as  well  as  a deficiency 
in  the  supply  of  air.  This  will  be  understood  when  we  con- 
sider that  there  are  hoo  conditions  requisite  to  effect  this  chemi- 
cal union  with  oxygen,  namely,  a certain  degree  of  temperature 
in  the  gas,  as  well  as  a certain  quantity  of  air ; for,  unless  the 
due  temperature  be  maintained,  the  combustible  will  not  be 
in  a state  for  chemical  action. 

Now,  let  us  see  how  the  condition,  as  to  temperature,  may  be 
affected  by  the  quantity  of  air  being  in  excess.  If  the  gas  be 
injudiciously  supplied  with  air,  that  is,  by  larger  quantities  or 
larger  jets  than  their  respective  equivalent  number  of  atoms 
can  immediately  combine  with,  as  they  come  into  contact,  a cooling 
effect  is  necessarily  produced  instead  of  a generation  of  heat. 
The  result  of  this  would  be,  that,  although  the  quantity  of  air 
might  be  correct,  the  second  condition,  the  required  tempera- 
ture, would  be  sacrificed  or  impaired,  the  union  with  the  oxygen 
of  the  air  would  not  take  place,  and  smoke  would  be  formed. 

Thus  we  perceive  that  the  mode  in  which  the  air  is  introduced 
exercises  an  important  influence  on  the  amount  of  union  and 
combustion  effected,  the  quantity  of  heat  developed,  or  of 
smoke  produced ; and,  in  examining  the  mode  of  administering 
the  air,  we  shall  discover  the  true  cause  of  perfect  or  imperfect 
combustion,  in  the  furnace,  as  we  see  in  the  lamp.  This  circum- 
stance, then,  as  regards  the  manner  in  which  air  is  introduced 
to  the  gas,  (like  the  introduction  of  gas  to  the  air,)  demands 
especial  notice,  as  the  most  important,  although  the  most 
neglected,  feature  in  the  furnace,  and  in  which  practical 
engineers  are  least  instructed  by  those  who  have  undertaken 
the  task  of  teaching  them. 

We  see,  then,  how  palpably  erroneous  is  the  idea,  that 
smoke,  once  formed,  can  be  consumed  in  the  furnace  in  which 
it  is  generated,  and  how  irreconcilable  is  such  a result  with  the 
operations  of  nature.  The  formation  of  smoke,  in  fact,  arises 
out  of  the  failure  of  some  of  the  processes  preparatory  to  com- 


236 


bustion,  or  the  absence  of  some  one  of  the  conditions  which  are 
essential  to  that  consummation  from  which  light  and  heat  are 
obtained.  To  expect,  then,  that  smoke,  which  is  the  very 
result  of  a deficient  supply  of  heat,  or  air,  or  both,  can  be  con- 
sumed in  the  furnace  in  which  such  deficient  supply  has 
occurred,  is  a manifest  absurdity,  seeing  that,  if  such  heat  and 
air  had  been  supplied,  this  smoke  would  not  have  existed.” 


Opinion  of  W.  T.  Bbande,  Esq.,  Professor  of  Chemistry  at  the  Royal 
Institution,  London,  on  the  preceding  Paper. 

Royal  Mint,  29th  Nov.,  1841. 

Dear  Sir, — I quite  agree  with  you  as  to  the  distinction  which  ought  always 
to  be  made  and  observed  between  the  “ prevention  of  the  formation  of  smoke,” 
and  the  “ combustion  of  smoke  after  it  has  been  madej”  and  also,  as  to  the 
necessity  of  accurately  defining  what  is  meant  by  the  term  “ smoke.” 

I have  carefully  perused  the  printed  extract  of  your  lecture  on  these  sub- 
jects, delivered  at  the  Victoria  Gallery,  Manchester,  and  am  ready  to  admit 
the  general  correctness  of  the  chemical  principles  upon  which  your  views  are 
founded.  The  colour  of  the  smoke  is,  as  you  properly  observe,  no  criterion  of 
the  loss  of  combustible  matter,  or  of  the  waste  incurred  by  any  pai-ticular 
form  of  combustion. 

Carbonic  oxide,  carburetted  hydi’Ogen,  and  various  hydi’o-carbous,  in  the 
form  of  vapour,  may  escape,  and  often  do  escape,  invisibly,  from  the  chimney ; 
and,  as  they  are  all  combustible,  are,  strictly  speaking,  so  much  loss  of  fuel. 
Steam  is  also  an  invisible  product  of  combustion,  and  a constant  ingredient  of 
smoke. 

Your  system  of  throwing  jets  of  air  into  the  inflammable  gases  and  vapours 
which  constitute  so  large  a part  of  the  matters  which,  in  many  ill-constructed 
fire-places  and  furnaces,  escape  by  the  chimney  along  with  the  finely-divided 
carbon,  or  hUick  smoke,  renders  them  aU  available  as  sources  of  heat ; and 
where  that  system  is  perfectly  applied,  the  smoke  can  consist  of  very  little  else 
than  carbonic  acid,  steam,  and  nitrogen ; all  incombustible,  and  also  incapable 
of  supporting  combustion. 

Yours,  my  dear  Sii-,  very  faithfully, 

WILLIAM  THOMAS  BRANDE. 


C.  W.  Williams,  Esq.,  Liverpool. 
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Fig.  141. 
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APPENDIX. 


REMARKS  ON  THE  FOREGOING  MODE  OF  EFFECTING 
THE  COMBUSTION  OF  COAL  IN  FURNACES. 


REMARKS  BY  MR.  BRANDE. 

Royal  Mint,  London,  26th  November,  1840. 

My  dear  Sir,  — I am  convinced,  that  you  are  not  only  practically,  but 
theoretically  and  scientifically,  right  in  regard  to  the  general  views  put  forth 
in  your  Essay  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke.  I 
have  long  advocated  the  principles  which  you  have  adopted,  and  have  an- 
nually illustrated  them  in  my  lectures  in  the  Royal  Institution ; but  it  un- 
fortunately so  happens,  that  when  scientijic  men  urge  new  views,  or  suggest 
the  practical  adoption  of  rational  theories,  they  are  neglected,  because  it  is 
presumed  they  are  merely  founded  on  unsubstantial  hypotheses ; and,  on  the 
other  hand,  when  practical  men  attempt  to  found  improvement  on  scientific 
principles,  they  are  sneered  at  as  dabblers  in  science ; and  so,  both  become 
disheartened  and  disgusted,  and  the  only  people  who  are  temporarily  successful 
are  quacks,  who,  pretending  to  what  is  called  originality,  and,  neither  re- 
ferring to  practice  or  science,  steal  fi’om  both ; but,  deficient  in  all  knowledge 
of  their  own,  ultimately  mislead  their  followers ; and,  like  the  alchemists  of 
old,  not  unfrequently  deceive  themselves. 

Under  these  circumstances,  it  is  really  refi’eshing  to  find  a person  of  your 
experience  willing  and  able  to  blend  practice  with  science  and  theory  ; and  1 
have  no  hesitation  in  saying,  that  the  views  promulgated  in  your  Essay  are 
substantially  founded  upon  just  and  scientific  principles. 

When  the  unbumed  hydrocarbons,  which  are  produced  during  what  is 
commonly  called  the  combustion,  but  which,  in  reality,  is  principally  the  de- 
structive distillation  of  coal,  in  our  ordinary  steam-boiler  furnaces,  gradually 
mix  with  air,  they  assume  the  form  of  what  is  called  uninflammable  smoke  ; 
but,  if  they  be  examined  immediately  qftej'  they  leave  the  fuel  and  before 
they  have  blended  with  excess  of  cold  air  in  the  chimney  shaft,  they  are  found 
to  be  highly  inflammable  and  rich  in  carbon.  At  this  point  it  is  that  you 
judiciously  admit  the  jets  of  air ; and  in  so  doing,  every  jet  that  enters  the 


240 


inflammable  atmosphere  witliin  the  flues  becomes,  as  it  were,  the  centre  of 
combustion,  and  tends  to  increase  tlie  lieat,  by  burning  and  destroying  tliat 
Ijydrocarbon,  which  otherwise  would  go  on  to  produce  worse  than  useless 
smoke. 

I have  now  given  you  my  candid  opinion  respecting  your  views  of  the  phe- 
nomena of  combustion  and  their  application  to  the  object  proposed  in  your 
Essay  : there  are  some  of  the  minor  points  of  which  I cannot  speak  without 
further  consideration  ; but  these  do  not,  in  any  way,  affect  the  main  object  of 
the  inquiry  in  its  practical  bearings. 

I am  always,  my  dear  Sir,  sincerely  yours, 

WILLIAM  THOMAS  BRANDE. 

To  Charles  W.  Williams,  Esq., 

Dublin  Steam  Packet  Company,  Liverpool. 


REMARKS  BY  ANDREW  URE,  M.D.,  F.R.S. 

Having  now  carefully  perused  your  treatise  “ On  the  Combustion  of  Coals 
and  the  Prevention  of  Smoke,  Chemically  and  Practically  considered,”  I 
cannot  help  congratulating  you  on  the  manner  in  which  you  have  studied  the 
phenomena  of  a furnace  — phenomena  which,  like  those  of  the  freezing  and 
boiling  of  water,  had  been  for  ages  exhibited  to  the  eyes  of  the  philosopher 
and  the  engineer,  without  receiving  from  the  one  a scientific  analysis,  or  lead- 
ing the  other  to  any  radical  improvement.  You  have  fully  demonstrated  the 
defectiveness  and  fallacy  of  the  ideas  generally  entertained  concerning  the 
operation  of  fuel  in  furnaces,  and  the  errors,  consequently,  committed  in  their 
construction. 

You  will  remember,  that  when,  about  ten  months  ago,  you  laid  before  me 
the  first  draught  of  the  specification  of  your  patent  furnace,  with  what  delight 
I hailed  your  invention  as  the  harbinger  of  a brighter  day  for  steam  naviga- 
tion, where  economy  of  fuel  has  become  the  sine  qua  non  in  regard  to  long 
voyages.  I rejoice  that,  with  the  ample  means  placed  at  your  command,  you 
have  since  prosecuted  the  subject,  through  all  its  ambiguities,  to  a clear  and 
conclusive  demonstration  of  the  efficacy  of  your  plan  for  calling  fortli  from  pit- 
coal  all  its  dormant  fire,  and  diffusing  it  most  efficaciously  over  the  surfaces  of 
boilers  and  along  the  flues.  I am  more  particularly  pleased  with  your  analysis 
of  the  combustion  of  the  gases  and  vapours  given  out  by  hydrogenous  coal, 
commonly,  though  incorrectly,  called  bituminous,  for  it  contains  no  ready 
formed  bitumen,  but  merely  its  elements,  carbon,  hydrogen,  and  oxygen. 

Every  coal  which  contains  much  hydrogen,  and  therefore,  loses  much 
weight  by  ignition  in  retorts,  necessarily  produces  much  smoke,  wdth  a great 
waste  of  heat  in  our  common  steam  boiler  furnaces,  for  reasons  which  you 
have  so  well  developed  in  your  treatise.  When  a carburetted  hydrogen,” 
says  Leibig,  “ is  kindled,  and  just  as  much  oxygen  admitted  to  it  as  will  con- 
sume its  hydrogen,  the  carbon  does  not  burn  at  all,  but  is  deposited  (or  sepa- 
rated) in  the  form  of  soot ; if  the  quantity  of  oxygen  is  not  sufficient  to  bum 
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even  all  the  hydrogen,  carburets  of  hydrogen  are  produced  poorer  in 
hydrogen  than  the  original  carburetted  hydrogen.” 

A coal  which,  like  the  Newcastle  caking  coal,  contains  6’239  of  hydrogen, 
is  capable  of  giving  out  in  complete  combustion  as  much  heat  as  if  it  contained 
an  extra  10.^  per  cent,  of  cai’bon  ; but,  instead  of  this  additional  heat,  it  af- 
fords in  common  furnaces  much  less  heat  than  the  Llangennock,  though  this  is 
much  poorer  in  the  most  calorific  constituent,  viz.,  the  hydrogen. 

In  the  case  of  great  steam-boiler  furnaces,  for  which  your  patent  is  es- 
pecially intended,  since  these  are  fed  at  short  intervals,  your  plan  of  distributing 
atmospheric  air,  in  a regulated  quantity,  by  numerous  jets,  through  the  body 
of  the  gasiform  matter,  is  peculiarly  happy,  and  must  enable  you  to  exti-act 
the  whole  heat  that  the  combustible  is  capable  of  affording.  The  method  also 
which  you  have  contrived  for  distributing  the  air  under  the  surface  of  the 
grate  ■n^U  ensure  due  combustion  of  the  coked  coals  lying  there,  without  ad- 
mitting a refrigerating  blast  to  the  fire.  And,  finally,  your  mode  of  supplying 
atmospherical  oxygen  vdll  prevent  the  possibility  of  the  carbon  of  the  coals 
escaping  in  the  state  of  carbonic  oxide  gas,  whereby,  at  present,  much  heat  is 
lost  in  our  great  furnaces. 

ANDREW  URE. 

13,  Charlotte-street,  Bedford-square,  London, 

December  26,  1840. 


REMARKS  BY  DR.  BRETT. 

Laboratory,  Royal  Institution,  Liverpool,  Jan.  6,  1841. 

I now  take  the  opportunity  of  expressing  more  fully  my  opinion  of  your 
views  concerning  the  combustion  of  coal  and  prevention  of  smoke,  and  it  gives 
me  the  greater  satisfaction  so  to  do,  in  consequence  of  having  enjoyed,  on 
more  than  one  occasion,  an  opportunity  of  examining,  in  your  experimental 
furnace,  when  in  operation,  the  different  stages  of  coal  combustion.  Your 
furnace  being  so  constructed  that  it  allows  of  a close  inspection  of  the  changes 
which  take  place  witliin  the  flue,  behind  the  bridge,  no  person,  however  im- 
perfectly acquainted  with  those  scientific  principles  upon  which  combustion 
ought  to  be  effected,  can  avoid  recognizing  the  great  difference  (a  difference 
sufficiently  palpable  to  the  sight)  Avhich  exists  between  combustion,  as  con- 
ducted in  furnaces  upon  the  old  plan,  and  that  Avhich  takes  place  in  yours, 
when  the  inflammable  matters  receive  good  air  •properly  supplied. 

Every  one  who  observes  the  volumes  of  black  smoke  escaping  from  the 
chimneys  of  manufactories  must  be  struck  with  the  positive  loss  of  fuel  tlius 
sustained ; yet,  not  only  is  the  black  smoke  lost  for  calorific  effect,  but  a 
further  loss  may  be  traced  to  the  passing  off"  of  what  may  be  called  a smoke, 
though  not  visible  — I mean  unbumt  carburetted  hydrogen  and  carbonic 
oxide.  You  have  been  fuUy  alive  to  the  truth  of  this ; and,  by  a felicitous 
contrivance,  have  shewn,  that,  by  mingling  atmospheric  air  Avith  the  inflam- 
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mable  gas,  before  they  can  escape  unburnt,  black  smoke  may  be  got  rid 
of,  or,  in  other  words,  that  loss  of  fuel  and  consequent  loss  of  heat  may  be 
avoided. 

On  one  occasion  whilst  watching  the  process  of  combustion,  during  its  dif- 
ferent stages,  in  your  experimental  furnace,  at  that  period  when  the  hydro- 
carbons had  just  undergone  combustion,  and  the  carbonaceous  matter,  or  coke, 
was  remaining  on  the  fire-bars,  highly  ignited,  I observed,  when  looking  into 
the  flue,  the  phenomenon  of  a peach-coloured  flame  mingled  with  one  of  a 
striking  blue  colour.  The  former  I believe  to  be  produced  by  the  burning  of 
cyanogen  : the  latter  was  undoubtedly  due  to  carbonic  oxide.  To  the  inter- 
esting fact  of  the  combustion  of  the  latter  gas,  after  that  of  the  hydro-carbons, 
you  will  remember  to  have  directed  my  attention  on  a former  occasion.  I 
need  hardly  say,  that  without  a proper  supply  of  atmospheric  air,  these  gases 
would  have  escaped  by  the  chimney,  and  so  have  been  lost  for  calorific 
purposes. 

By  causing  atmospheric  air  to  be  driven  hy  jets  among  the  inflammable 
gases,  you  employ,  as  it  appears  to  me,  the  only  means  practicable,  in 
operations  on  a large  scale,  of  causing  a sufficient  mechanical  admixture  be- 
tween the  air  and  the  gases  to  be  burnt.  such  means,  too,  you  consider- 
ably extend  the  surface  of  any  given  bulk  of  atmospheric  air  admitted,  in  the 
same  way  as  the  surface  of  any  given  volume  of  water  is  greatly  increased  by 
causing  it  to  pass,  in  thin  streams,  through  a vessel  containing  numerous 
apertures. 

On  the  whole,  then,  I would  observe,  that  your  treatise  is  correct  as  to  its 
theoretical  and  scientific  principles ; and  by  your  illustrations  on  the  large 
scale  of  the  furnace,  you  have  demonstrated  how  science  and  practice  may  be 
made  to  harmonize,  and  have  shewn  the  importance  of  attending,  strictly,  to 
the  chemical  conditions  on  which  combustion  takes  place,  without  which  all 
must  be  error  and  uncertainty. 

R.  H.  BRETT,  Ph.D.,  F.L.S. 

To  C.  W.  Williams,  Esq. 


REMARKS  BY  DR.  ROBERT  KANE. 

Royal  Dublin  Society,  January  16th,  1841. 

Dear  Sir,  — I received  the  copy  of  your  work  and  the  other  papers 
illustrative  of  your  views  of  the  nature  of  combustion  and  of  the  construction 
of  furnaces,  and  I consider  your  suggestions  as  being  of  peculiar  value,  in- 
asmuch as  they  indicate  to  the  engineer  and  mechanist  the  principles  on  which 
alone  the  perfect  combustion  of  fuel  can  be  secured.  They  serve  also  as  an 
additional  proof,  were  such  wanted,  that  complete  success  in  art  — the  great- 
est economy  in  materials — and  the  most  perfect  utilization  of  its  products,  can 
only  occur  when  the  scientijic  conditions  of  the  process  are  clearly  understood 
and  made  ihe  foundations  of  practice. 

In  your  furnace  alone,  of  all  the  plans  I have  had  an  opportunity 
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of  examining,  the  conditions  for  the  complete  combustion  of  all  the  con- 
stituents of  the  fuel,  are  secured  in  the  proper  circumstances  of  quantity,  time, 
and  place. 

The  introduction  of  air  at  the  bridge  and  along  the  flame-bed,  to  supply  the 
quantity  of  oxygen  necessary  for  the  combustion  of  the  volatile  products  of  the 
coal ; — the  diffusion  of  this  air,  secured  by  its  issuing  from  a great  number 
of  small  jets,  and  the  consequent  full  combustion  of  the  gaseous  fuel  before  it 
leaves  the  surfece  of  contact  with  the  boiler,  are  elements  of  real  economy  and 
success  in  practice.  The  value  of  this,  although,  perhaps,  obscurely  felt  by 
others,  from  the  imperfection  of  the  older  methods,  has  been,  certainly,  first 
placed  in  its  important  and  just  aspect  by  your  illustrations. 

The  formation  of  carbonic  oxide  in  furnaces,  to  which  I find,  in  your  work, 
for  the  first  time,  the  attention  of  practical  men  directed,  has,  hitherto,  been 
a source  of  loss  of  fuel  to  a very  considerable  extent.  When  carbonic  acid 
streams  over  a surface  of  ignited  charcoal,  or  coke,  it  cannot  be  considered  to 
evolve  heat  in  taking  up  an  additional  equivalent  of  carbon.  This  is  verified 
by  the  fact,  that  the  carbonic  oxide  thus  formed  gives  out,  in  burning,  only 
the  same  quantity  of  heat  which  the  second  equivalent  of  carbon  should  have 
given  out  if  it  had  formed  carbonic  add  directly. 

This  heat  you  encourage,  and  hence,  even  at  those  periods  when  carbonic 
oxide  is  produced,  you  lose  no  fuel,  whereas,  in  all  the  ordinary  plans  of 
avoiding  visible  smoke,  the  fuel  is  evolved  in  carbonic  oxide,  and  is  either 
silently  escaping  as  invisible  gas,  or  burns  at  the  orifice  of  the  chimney, 
wasting  there  the  carbon  which  should  have  been  economized  below. 

I like  the  plan  of  your  diagrams  very  much.  In  popular  use,  and 
especially,  for  the  instruction  of  those  who  have  not  made  abstract  calculations 
their  study,  they  are  exceedingly  valuable : so  much  so,  that  our  illustrious 
and  venerable  Mend,  Dr.  Dalton,  the  Nestor  of  the  physical  sciences,  as  he 
has  been  termed  by  Dumas,  proposed  a plan  not  unlike  yours,  but  which, 
from  the  very  fact  of  its  being  more  adapted  to  class  illustrations  than  to  the 
calculations  by  symbols,  (now  so  necessary  in  scientific  chemistry,)  was  kept 
very  much  out  of  view,  lately,  by  the  employment  of  the  Berzelian  notation. 
When  one  Avrites,  as  you  do,  not  merely  for  those  who  know  a good  deal,  but 
for  those  who  are  not  used  to  the  kinds  of  ideas  you  wish  to  communicate, 
every  adjunct  which  tends  to  awaken  the  senses  to  the  subject  is  of  the 
highest  importance. 

In  conclusion,  I beg  to  express  my  conviction,  that,  by  giving  to  the  scien- 
tific world  the  true  philosophy  of  combustion  upon  the  large  scale  of  the 
furnace,  and  indicating  to  the  mechanist  the  conditions  upon  which  the 
proper  construction  of  furnaces  must  rest,  you  have  illustrated,  remarkably, 
the  value  of  science  applied  to  the  useful  arts,  and  have  effected  considerable 
service  to  the  public. 

Believe  me,  my  dear  Sir, 

Sincerely  yours, 

ROBERT  KANE. 


To  C.  W.  Williams,  Esq. 
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The  following  Letters  are  important,  as  they  refer  to  the  Furnace  mentioned 
in  the  Letter  of  the  Earl  op  Ellesmere.  (See  Note,  Chapter  V.) 


C.  W.  Williams,  Esq. 


82,  Moorgatc  Street,  London, 
26th  July,  1854. 


Dear  Sir, — Considering  it  might  be  interesting  to  you  and  the 
public,  to  be  assured  of  long  continued  success  in  the  application  of  your 
Principle  of  Smoke  Prevention,  I have  recently  communicated  with  Messrs. 
Lockett,  of  Manchester,  at  whose  works  I commenced  operations,  and  I have 
much  pleasure  in  forwarding  you  their  reply.  I could  have  supplied  numerous 
similar  letters,  of  early  date,  from  eminent  engineers,  manufacturers,  and 
Others,  were  further  confirmation  at  all  requisite.  I have  superintended  the 
erection  of  above  2000  Argand  Furnaces,  of  all  descriptions,  and  continue 
erecting  them,  for  every  class  of  work. 

I am,  your  obedient  servant, 

HENRY  DIRCKS. 


Messrs.  Dircks  & Co., 

32,  Moorgate  Street,  London. 


Strangeways,  Manchester, 
25th  July,  1854. 


Gentlemen, — In  reply  to  your  inquiry  respecting  the  Patent 
Argand  Furnace  of  Mr.  Charles  Wye  Williams,  erected  by  you  at  our  Works 
in  1840,  we  have  great  pleasure  in  assuring  you,  that  in  regard  to  Smoke 
Prevention,  it  is  most  satisfactory,  and  we  can  speak  confidently,  that  there 
is  a considerable  saving  in  fuel.  We  have  had  the  patent  plan  applied  to 
three  different  boilers  since  we  first  adopted  it,  and  in  each  case  with  the  same 
satisfactory  result.  There  cannot  be  the  smallest  doubt,  that  the  principle  of 
Mr.  Williams’s  plan,  is  that  on  which  the  prevention  of  smoke  can  alone  be 
effected,  whatever  may  be  the  mode  of  applying  it. 

We  remain.  Gentlemen, 

Yours  very  respectfully, 

(Signed)  JOSEPH  & JAS.  LOCKETT  & CO. 


LONDON : 

PRINTED  BY  GEORGE  PHIPPS,  BANELAGH  STREET, 
EATON  SQUARE. 
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IRON  TO  BUILDING  PURPOSES. 
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TREATISE  on  the  STRENGTH  of  TIMBER,  CAST  IRON, 

MALLEABLE  IRON,  and  other  Materials ; with  rules  for  application  in  archi- 
tecture, construction  of  suspension  bridges,  railways,  &c.  ; and  an  Appendix  on 
the  powers  of  locomotive  engines  on  horizontal  planes  and  gradients.  In 
8vo.,  a new  edition,  with  corrections,  by  Peter  Barlow,  F.R.S.,  revised 
by  J.  F.  Heather,  M.A.,  and  with  considerable  additions  by  Professor  Willis, 
of  Cambi'idge  ; several  plates.  Price  16s.,  in  cloth  boards,  lettered. 
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In  2 vols.  8vo.,  price  £1  4s.,  4th  edition,  much  improved  and  enlarged  by  Eaton 
Hodgkinson,  F.R.S.  ; vol.  II.  being  entirely  composed  of  Mr.  Hodgkinson’s 
experiments. 

A PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 

and  OTHER  METALS ; intended  for  the  assistance  of  Engineers,  Iron-masters, 
Millwrights,  Architects,  Founders,  Smiths,  and  others  engaged  in  the  construc- 
tion of  machines,  buildings,  &c.  : containing  practical  rules,  tables,  and  examples 
founded  on  a series  of  new  experiments ; with  an  extensive  table  of  the  proper- 
ties of  materials.  Illustrated  by  several  engravings  and  wood-cuts.  By  Thomas 
Tredgold,  Civil  Engineer. 
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In  1 large  vol.  4to,  3rd  edition,  50  plates,  edited  by  Peter  Barlow,  F.R.S.,  and 
since  re-edited  and  improved,  price  £2  2«.,  in  extra  cloth  boards. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY:  a 

Treatise  on  the  pressure  and  equilibrium  of  timber  framing,  the  resistance  of 
timber,  and  the  construction  of  floors,  arches,  bridges,  roofs,  uniting  iron  and 
stone  with  timber,  &c.,  with  practical  rales  and  examples;  on  the  nature  and 
properties  of  timber,  including  the  method  of  seasoning,  and  the  causes  and  pre- 
vention of  decay,  with  descriptions  of  the  kinds  of  wood  used  in  building ; also 
numerous  tables  of  the  scantling  of  timber  for  different  puiposes,  the  specific 
gravities  of  materials,  &c.  By  Thomas  Tredgold,  Civil  Engineer.  With  an 
Appendix,  containing  specimens  of  various  ancient  and  modern  roofs. 

CONTENTS  OF  PLATES. 


1.  Equilibrium  and  pressure  of  beams. 

2 . Pressure  Of  beams  and  centre  of  gravity. 

3.  Equilibrium  and  pressure  of  beams  and 

4.  Nailed  flooring.  [framing. 


6 to  9.  Roofs. 

10.  Roofs  that  have  been  erected. 

11.  Roof  of  the  riding-house  at  Moscow. 

12.  Domes. 


NEW  LIST  OF  WORKS. 
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13.  Partitions  and  centre. 

14.  Centres  for  stone  bridges ; centre  used  for 

the  bridge  at  Neuilly ; for  the  Waterloo 
Bridge,  and  Conon  Bridge. 

15.  Centres  for  stone  bridges. 

16.  Bridges. 

17.  Ditto,  double  plate. 

18.  Construction  of  bridges. 

[9.  Bridges,  double  plate. 

20.  Bridges  and  joints. 

21.  Joints. 

22.  Joints  and  straps. 

23.  Roof  and  construction  of  the  Pantheon, 

Oxford  Street. 

24.  Ditto. 

25.  Section  of  roof  of  Hall,  Parkhurst  Prison. 

26.  Section  of  roof  of  New  Saloon,  Academy  of 

Arts,  Florence. 

27.  Longitudinal  section  of  ditto. 

28.  Truss  of  the  roof  of  the  Ducal  riding-house, 

Modena,  double  plate. 

29.  Truncated  roof  of  ditto. 

30.  Truss  of  roof  of  ditto. 

31.  Section  of  the  roof  orer  the  Exchange, 

Geneva,  double. 

32.  Foot  of  truss  of  roof  over  the  new  theatre  at 

Ancona;  ditto,  Palazzo  Vecchio,  Flo- 
rence ; ditto.  Cathedral,  Florence,  double. 

33.  Roofs  of  the  Cathedral  at  Leghorn,  ditto. 

34.  Details  of  roof  of  Christ’s  Hospital,  ditto. 

35.  Ditto. 


36.  Longitudinal  sectionofSt.Dunstan’s  Church, 

Kleet  Street,  double. 

37.  Roof  and  plan  of  ditto,  ditto. 

38.  Details  of  ditto,  ditto. 

39.  Truss  at  the  Thames  Plate  Glass-works: 

truss  at  the  Princess’s  Theatre,  Oxford 
Street;  truss  at  a house  in  Berkeley  Sq. 

40.  Roof  of  iron  and  timber  at  Nottingham 

Water-works,  treble  plate. 

41.  Cast-iron  roof  over  the  model  room  of  the 

Butterley  Company,  treble. 

42.  smithery  of  the  But- 

terley Company,  ditto. 

43.  Iron  and  timber  roof  over  the  engine  manu- 

factory of  the  Butterley  Company,  ditto. 

44.  Roof  to  King’s  College  Chapel,  Cambridge, 

ditto. 

45.  Ditto,  transverse  section. 

40.  Details,  ditto. 

47.  Details,  ditto. 

48.  Section  of  roof  Great  Northern  Railway, 

London  Terminus,  Passenger  Station. 

49.  Sections  and  details  of  ditto. 

60.  Great  Northern  Railway,  London  Terminus, 

Goods  Station,  transverse  section. 

61.  Iron  Roof  made  for  the  Clyde  Trustees,  for 

the  Quay  at  Glasgow,  with  details. 

52.  Details  of  iron  roof  erected  for  Messrs. 

Joseph  Whitworth  and  Co.,  Manchester. 

53.  Details,  &c.,  of  an  iron  roof,  erected  at 

the  Galway  Terminus. 
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In  roan,  tuck,  gilt  leaves,  price  6s. 

The  ENGINEER’S  and  CONTRACTOR’S  POCKET-BOOK, 

with  ASTRONOMICAL  ALMANACKS,  much  revised,  with  Index,  for  1855 
and  1856. 
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ADCOCK’S  (H.,  C.E.)  RULES  and  DATA  for  the  STEAM- 

ENGINE,  both  Stationary  and  Locomotive,  and  for  Railways,  Canals,  and  Turn- 
pike Roads ; being  a synopsis  of  a course  of  eight  lectm'es  on  Mechanical  Philo- 
sophy, illustrative  of  the  modes  of  construction,  and  an  exposition  of  the  errors 
to  which  patentees  and  others  are  liable.  In  12mo.,  price  2s.  6c?.  in  boards. 
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In  24mo.,  boards,  price  5s. 

A SYNOPSIS  OF  PRACTICAL  PHILOSOPHY,  alphabetically 

arranged,  containing  a great  variety  of  Theorems,  Formulas,  and  Tables,  from 
the  most  accurate  and  recent  authorities,  in  various  branches  of  Mathematics 
and  Natural  Philosophy;  to  which  are  subjoined,  small  Tables  of  Logarithms. 
Designed  as  a Manual  for  Travellers,  Students,  Naval  Officers,  Engineers,  &c., 
&c.  By  the  Rev.  John  Cabr,  M.A.,  Late  Fellow  of  Tilnity  College,  Cambridge. 
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In  1 vol.  large  8vo.,  with  13  plates,  price  One  Guinea,  in  half-morocco  binding. 

MATHEMATICS  FOR  PRACTICAL  MEN ; being  a Common- 
place Book  of  PURE  AND  MIXED  MATHEMATICS;  together  with  the 
Elementary  Principles  of  Engineering  ; designed  chiefly  for  the  use  of  the  Civil 
Engineers,  Architects,  and  Surveyor.  By  Olinthus  Gregory,  LL.D.,  F.R.A.S. 

Third  Edition,  revised  and  enlarged  by  Henry  La3v,  Civil  Engineer. 

CONTENTS. 


PART  I.— PURE  MATHEMATICS. 


Sect.  chapter  i. — arithmetic. 

1.  Definitions  and  notation. 

2.  Addition  of  whole  numbers. 

3.  Subtraction  of  whole  numbers. 

4.  Multiplication  of  whole  numbers. 

5.  Division  of  whole  numbers — Proof  of  the 


sect. 

first  four  rules  of  Arithmetic. 

6.  Vulgar  fractions. — Reduction  of  vulgar  frac- 
tions.— Addition  and  subtraction  of  vulgar 
fractions. — Multiplication  and  division  of 
vulgar  fractions. 
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MATHEMATICS  FOR 

Sect. 

7.  Decimal  fractions. — lleduction  of  decimals. 

— Addition  and  subtraction  of  decim.als. 

— Multiplication  and  division  of  decimals. 

8.  Complex  fractions  used  in  the  arts  and  com- 

merce. — Reduction.  — Addition. — Sub- 
traction and  multiplication. — Division. — 
Duodecimals. 

9.  Powers  and  roots. — Evolution. 

10.  Proportion. — Rule  Of  three. — Determination 

of  ratios. 

1 1 . Logarithmic  arithmetic. — Use  of  the  tables. 

— Multiplication  and  division  by  loga- 
rithms. — Proportion,  or  the  Rule  of 
Three,  hy  logarithms. — Evolution  and 
involution  by  logarithms. 

12.  Properties  of  numbers. 

CHAPTER  II. — ALGEBRA. 

1.  Definitions  and  notation. — 2.  Addition  and 
subtraction. — 3.  Multiplication. — 4.  Divi- 
sion.—5.  Involution. — 6.  Evolution. — 7. 
Surds. — Reduction. — Addition,  subtrac- 
tion, and  multiplication. — Division,  invo- 
lution, and  evolution. — 8.  Simple  equa- 
tions. — Extermination.  — Solution  of 
general  problems.  — 9.  Quadratic  equa- 
tions.— 10.  Equations  in  general.  — 11. 
Progression. — Arithmetical  progi-ession. 
Geometrical  progression. — 12.  Fractional 
and  negative  exponents. — 13.  Logarithms. 

— 14.  Computation  of  formulae. 

CHAPTER  in. — GEOMETRT. 

1.  Definitions. — 2.  Of  angles,  and  right  lines, 
and  their  rectangles. — 3.  Of  triangles  — 

4.  Of  quadrilaterals  and  polygons. — 5. 

Of  the  circle,  and  inscribed  and  circum- 

PART  II.— MIXED 

CHAPTER  1. — MECHANICS  IN  GENERAL. 

CHAPTER  II. — STATICS. 

1.  Statical  equilibrium. 

2.  Centre  of  gravity. 

3.  General  application  of  the  principles  of 

statics  to  the  equilibrium  of  structures. — 
Equilibrium  of  piers  or  abutments.  — 
Pressure  of  earth  against  walls. — Thick- 
ness of  walls. — Equilibrium  of  polygons. 

— Stability  of  arches. — Equilibrium  of 
suspension  bridges. 

CHAPTER  III. — DYNAMICS. 

1.  General  definitions. 

2.  On  the  general  laws  of  uniform  and  variable 

motion.  — Motion  uniformly  accelerated. 
Motion  of  bodies  under  the  action  of 
gravity. — Motion  over  a fixed  pulley,  and 
on  inclined  planes. 

3.  Motions  about  a fixed  centre,  or  axis. — 

Centres  of  oscillation  and  percussion. — 
Simple  and  compound  pendulums  — 
Centre  of  gyration,  and  the  principles  of 
rotation. — Central  forces. 

4.  Percussion  or  collision  of  bodies  in  motion. 

5.  Mechanical  powers. — Levers. — Wheel  and 

axle. — Pulley. — Inclined  plane. — Wedge 
and  screw. 

CHAPTER  IV. — HYDROSTATICS. 

1.  General  Definitions. — 2.  Pressure  and  equi- 
librium of  Non -elastic  Fluids. — 3.  Floating 
Bodies. — 4.  Specific  gravities. — 6.  On  capil- 
lary attraction. 

CHAPTER  V. — HYDRODYNAMICS. 

1.  Motion  and  effluence  of  liquids. 

2.  Motion  of  water  in  conduit  pipes  and  open 

canals,  over  weirs,  &c.  — Velocities  of 
rivers. 


PRACTICAL  MEN. 

Sect. 

scribed  figures. — 6.  Of  planes  and  solids. 
— 1.  Practical  geometry. 

CHAPTER  IV.— MENSURATION. 

1.  Weights  and  measures. — 1.  Measures  of 

length.  — 2.  Measures  of  surface.  — 3. 
Measures  of  solidity  and  capacity.  — 4. 
Measures  of  weight. — 5.  Angular  mea- 
sure.— 6.  Measure  of  time. — Comparison 
of  English  and  French  weights  and  mea- 
sures. 

2.  Mensuration  of  supetfleies. 

3.  Mensuration  of  solids. 

CHAPTER  V. — TRIGONOMETRY. 

1.  Definitions  and  trigonometrical  formulae. — 

2.  Trigonometrical  Tables. — 3.  General 
propositions. — 4.  Solution  of  the  cases  of 
plane  triangles. — Right-angled  plane  tri- 
angles.— 5.  On  the  application  of  trigo- 
nometry to  measuring  heights  and  dis- 
tances. — Determination  of  heights  and 
distances  by  approximate  mechanical 
methods. 

CHAPTER  VI. — CONIC  SECTIONS. 

1.  Definitions. — 2.  Properties  of  the  ellipse. — 

3.  Properties  of  the  hyperbola. — 4.  Pro- 
perties of  the  parabola. 

CHAPTER  vn. — PROPERTIES  OF  ClIRVES. 

1.  Definitions.  — > 2.  The  conchoid.  — 3.  The 
cissoid. — 4;  The  cycloid  and  epicycloid. 
— 5.  The  quadratrix. — 6.  The  catenary. 
— Relations  of  Catenarian  Curves. 

MATHEMATICS. 

3.  Contrivances  to  measure  the  velocity  of 
running  W’aters. 

CHAPTER  VI. — PNEUMATICS. 

1.  Weight  and  equilibrium  of  air  and  elastic 

fluids. 

2.  Machines  for  raising  water  by  the  pressure 

of  the  atmosphere. 

3.  Force  of  the  wind. 

CHAPTER  VII. — MECHANICAL  AGENTS. 

1.  Water  as  a mechanical  agent. 

2.  Air  as  a mechanical  agent. — Coulomb’s  ex- 

periments. 

3.  Mechanical  agents  depending  upon  heat. 

The  Steam  Engine. — Table  of  Pressure 
and  Temperature  of  Steam.  — General 
description  of  the  mode  of  action  of  the 
steam  engine. — Theory  of  the  same. — 
Description  of  various  engines,  and 
formulae  for  calculating  their  power: 
practical  application. 

4.  Animal  strength  as  a mechanical  agent. 

CHAPTER  vin. — STRENGTH  OF  MATERIALS. 

1.  Results  of  experiments,  and  principles  upon 

which  they  should  be  practically  applied. 

2.  Strength  of  materials  to  resist  tensile  and 

crushing  strains. — Strength  of  columns. 

3.  Elasticity  and  elongation  of  bodies  subjected 

to  a crushing  or  tensile  strain. 

4.  On  the  strength  of  materials  subjected  to  a 

transverse  strain. — Longitudinal  form  of 
beam  of  uniform  strength. — Transverse 
strength  of  other  materials  than  cast  iron. 
— The  strength  of  beams  according  to  the 
manner  in  which  the  load  is  distributed. 

6.  Elasticity  of  bodies  subjected  to  a transverse 
strain. 

6.  Strength  of  materials  to  resist  torsion. 


NEW  LIST  OF  WORKS. 
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APPENDIX. 


I.  Table  of  Logarithmic  Differences. 

II.  Table  of  Logarithms  of  Numbers,  from  1 to  100. 

III.  Table  of  Logarithms  of  Numbers,  from  100  to  10,000. 

IV.  Table  of  Logarithmic  Sines,  Tangents,  Secants,  &c. 

V.  Table  of  Useful  Factors,  extending  to  several  places  of  Decimals. 

VI.  Table  of  various  Useful  Numbers,  with  their  Logarithms. 

VII.  Table  of  Diameters,  Areas,  and  Circumferences  of  Circles,  &c. 

VIII.  Tables  of  Relations  of  the  Arc,  Abscissa,  Ordinate,  and  Subnormal,  in  the 

Catenary. 

IX.  Tables  of  the  Lengths  and  Vibrations  of  Pendulums. 

X.  Table  of  Specific  Gravities. 

XL  Table  of  Weight  of  Materials  frequently  employed  in  Construction. 

XII.  Principles  of  Chronometers. 

XIII.  Select  Mechanical  Expedients. 

XIV.  Observations  on  the  Effect  of  Old  London  Bridge  on  the  Tides,  &c. 

XV.  Professor  Parish  on  Isometrical  Perspective. 
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In  12mo.,  price  5s.,  bound  and  lettered. 

THE  OPERATIVE  MECHANIC’S  WORKSHOP  COM- 
PANION, AND  THE  SCIENTIFIC  GENTLEMAN’S  PRACTICAL 
ASSISTANT ; comprising  a gi’eat  variety  of  the  most  useful  Rules  in  Mechan- 
ical Science,  divested  of  mathematical  complexity;  with  numerous  Tables  of 
Practical  Data  and  Calculated  Results,  for  facilitating  Mechanical  and  Com- 
mercial Ti’ansactions.  By  W.  Templeton,  Author  of  several  Scientific  Works. 

Third  edition,  with  the  addition  of  Mechanical  Tables  for  the  use  of  Operative 
Smiths,  Millwrights,  and  Elngineers ; and  practical  directions  for  the  Smelting 
of  Metallic  Ores. 

CONTENTS. 


GEOMETRY. 

To  erect  a perpendicular  on  a right  line. 

To  erect  a perpendicular  at  the  end  of  a line. 

To  bisect  a given  angle. 

To  describe  a circle  through  three  given  points 
out  of  a right  line. 

To  find  the  centre  of  a given  circle. 

To  find  the  length  of  any  given  arc  of  a circle. 
To  draw  a tangent  to  a circle. 

To  draw  lines  towards  the  centre  of  a circle,  the 
centre  being  inaccessible. 

To  describe  an  arc  of  a circle. 

To  describe  an  ellipse  or  oval. 

To  describe  an  elliptic  arch. 

To  describe  a parabola. 

To  measure  an  intercepted  line. 

To  obtain  the  distance  of  an  inaccessible  object. 
To  find  the  distance  between  two  inaccessible 
objects. 

To  design  a beam  of  strongest  section. 

To  find  the  proper  position  for  an  excentric  in  a 
steam  engine. 

To  determine  the  proper  length  of  valve  levers. 
To  inscribe  any  regular  polygon. 

To  construct  a square  upon  a right  line. 

To  form  a square  equal  to  a given  triangle. 

To  form  a square  equal  to  a given  rectangle. 

To  form  a rectangle  equal  to  a given  square. 

To  bisect  any  given  triangle. 

To  describe  a circle  in  a given  triangle. 

To  form  a rectangle  in  a given  triangle. 

To  make  a rectangle  equal  to  a given  triangle. 

To  make  a triangle  e lual  to  a given  quadrila- 
teral. 

To  form  a square  equal  to  a given  circle. 

To  form  an  octagon  from  a given  square. 

To  form  a square  equal  to  two  given  squares,  or 
a circle  equal  to  two  given  circles. 

To  draw  a line  equal  to  any  portion  of  a circle's 
circumference. 

To  draw  a spiral  with  uniform  spaces. 

To  draw  a volute  for  the  Ionic  column. 


To  draw  a scroll  for  hand-rails. 

To  find  the  angles  and  lengths  of  materials  for 
pyramidal  frustums. 

To  describe  the  proper  form  of  material  by  which 
to  form  a cone. 

Sector  by  which  to  obtain  angles. 

GEOMETRY  APPLIED  TO 
MECHANICS. 

To  delineate  a vee-threaded  screw. 

To  delineate  a square-thi-eaded  screw. 

To  determine  the  proper  forms  for  a pair  of 
bevel  wheels. 

Proportions  for  the  construction  of  toothed 
wheels. 

To  delineate  wheels  by  orthographic  projection. 

Delineation  of  an  undershot  water-wheel. 

DECIMAL  ARITHMETIC. 

Definitions. — Reduction. 

Applied  examples. 

Definitions  of  Arithmetical  Signs. 

British  Standard  Measures.  — British  Special 
Measures. 

Decimal  Approximations. — Decimal  Equivalents. 

MENSURATION. 

To  measure  the  surface  of  a square,  rectangle, 
rhomboid,  &c. 

Two  sides  of  a triangle  given,  to  find  the  third 
side. 

Utility  of  triangles. 

To  find  the  area  of  a triangle. 

Table  of  Polygons. 

Definitions  of  the  circle. — Rules  in  relation  to 
the  circle. 

To  find  the  diameter  of  a circle  when  any  chord 
and  versed  sine  are  given. 

To  find  the  length  ofany  given  arc  of  a circle. 

To  find  the  area  of  the  sector  of  a circle. 

To  find  the  area  of  a circular  ring. 
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To  find  the  area  of  an  ellipse. 

To  /iiul  the  area  of  a parabola. 

To  find  the  solidity  or  capacity  of  any  cubical 
figure. 

To  find  the  convex  surface  and  solidity  of  a 
cylinder. 

To  find  the  length  of  any  cylindrical  helix. 

To  find  the  convex  surface  and  solidity  of  a cone. 

To  find  the  solidity  or  capiicity  of  any  frustum 
of  a cone  or  pyramid. 

To  find  the  solid  contents  of  a wedge. 

To  find  the  convex  sm-face  and  solidity  of  a 
sphere  or  globe. 

To  find  the  convex  surface  and  solidity  of  the 
segment  of  a globe. 

To  find  the  convex  sm-face  and  solidity  of  a 
cylindrical  ring. 

To  determine  the  proper  length  of  iron  for  a 
ring  of  given  diameter. 

To  determine  the  length  of  angle  iron  to  form  a 
ring  of  given  diameter. 

To  measure  the  capacity  of  a locomotive  tender 
tank. 

Table  of  Specific  Gravities  and  Properties  of 
Metals. 

Table  of  Specific  Gravities  and  Properties  of 
Timber. 

Table  of  Specific  Gravities  of  Liquids,  Gases,  <tc. 

Weights  of  various  measm-es  of  water. 

Table  of  the  Weight  of  Square  and  Round  Bar 
Iron. 

Table  of  the  Weight  of  Flat  Bar  Iron. 

Table  of  the  Circumferences  of  Circles,  from  1 
inch  to  20  feet  |ths  of  an  inch ; advancing  by 
an  eight. 

Table  shewing  the  Weight  of  a lineal  foot  of 
Malleable  Rectangular  or  Flat  Iron,  from  |th 
of  an  inch  to  3 inches  thick  ; advancing  by  an 
eighth,  and  quarter  of  an  inch,  in  breadth. 

Table  shewing  the  Weight  of  a lineal  foot  of 
Round  Bar  Iron,  in  avoirdupois  qrs.  lbs.  oz., 
from  ^th  of  an  inch  to  12  inches  in  diameter  ; 
advancing  by  an  eighth  of  an  inch. 

Table  >shewing  the  Weight  of  a lineal  foot  of 
Square  Bar  Iron,  in  avoirdupois  qrs.  lbs.  oz., 
from  ^th  of  an  inch  to  12  inches  ; advancing 
by  an  eight. 

Table  containing  the  Circumferences  for  Angled 
Iron  Hoops,  from  6 inches  to  6 feet  in  dia- 
meter ; advancing  by  an  eighth  of  an  inch. — 
Angle  outside. 

Table  containing  the  Circumferences  for  Angled 
Iron  Hoops,  from  6 inches  to  6 feet  in  dia- 
meter ; advancing  by  an  eighth  of  an  inch. — 
Angle  inside. 

Proportional  breadths  for  six-sided  nuts. 

Table  of  the  Weights  of  Sheet  Iron,  Copper, 
and  Brass. 

Comparative  weights  of  different  bodies. 

Table  of  the  Weights  of  Cast-Iron  Pipes. 

Weights  of  leaden  pipes. 

To  find  the  weights  of  pipes  of  various  metals. 

Weight  of  a cubic  inch  of  various  metals. 

Table  of  the  Weights  of  Cast-Iron  Balls. 

Table  to  facilitate  the  Measure  of  Timber. 

Table  of  Cubic  or  Solid  Measure. 

To  measure  battens,  deals,  and  planks. 

Table  of  Scantling  Timber. 

INSTRUMENTAL  ARITHMETIC. 

Explanation  of  the  slide  rule. — Numeration. — 
To  multiply  by  the  slide  rule. — Proportion. — 
Rule  of  Three  Inverse. — Square  and  cube 
roots.  —Measure  of  Squares,  rectangles,  &c. — 
Measure  of  circles  and  polygons. 

Tables  of  Gauge-Points  for  the  Slide  Rule. 

Mensiu’ation  of  solidity  and  capacity. — To  com- 
pute the  power  of  steam  engines. — Of  steam 
engine  boilers. 


COMMERCIAL  TABLES. 

Tables  by  which  to  facilitate  the  Calculation  of 
British  Money.— Table  of  Equivalent  Prices. 

STRENGTH  OF  MATERIALS. 

Definitions. 

Table  of  Tenacities,  Resistance  to  Compression, 
&c.  of  Various  Bodies. 

Table  of  Comparative  Strength  of  Ropes  and 
Chains. 

Table  of  Metiillic  Alloys. 

Resistance  of  bodies  to  lateral  pressure. 

Table  of  Practical  Data. 

To  find  the  dimensions  of  a beam  of  timber  to 
sustain  a given  weight. — To  determine  the 
absolute  strength  of  a rectangular  beam  of 
timber. 

To  deteimine  the  dimensions  of  a beam  with  a 
given  degree  of  deflection. 

Cast-iron  beams  of  strongest  section. 

Of  wooden  beams,  trussed. 

Absolute  strength  of  cast-iron  beams. 

Table  of  Dimensions  for  Cast-Iron  Beams. 

To  find  the  weight  of  a cast-iron  beam. 

Resistance  to  flexure  by  vertical  pressure. 

To  determine  the  dimensions  for  a column  of 
timber. 

Table  by  which  to  determine  the  Dimensions  of 
Cast-Iron  Columns. 

Resistance  of  bodies  to  twisting. 

Relative  strength  of  metals  to  resist  torsion. 

On  the  Smelting  of  Metallic  Ores. 

Table  of  Squares,  Cubes,  &c.  of  Numbers. 

MECHANIC  POWERS. 

Definitions,  <fcc. 

Rules.  First  kind  of  lever.  Second  ditto. 
Third  ditto.  Lever  on  a safety-valve,  <fcc. — 
Wheel  and  pinion,  or  crane. — Rules,  &c. — 
The  pulley,  with  applications.  — Inclined 
plane. 

Table  of  Inclinations  and  Amount  of  Opposing 
Resistance. 

Table  of  Inclined  Planes. 

The  wedge. — The  screw. — The  endless  screw, 
or  screw  appRed  to  a wheel. 

CONTINUOUS  CIRCULAR  MOTION. 

Definitions,  <fcc.  — Proportional  diameters  of 
wheels  to  the  number  of  revolutions. — Of  a 
train  of  wheels  and  pinions. — Diameters  or 
number  of  teeth  in  wheels  in  proportion  to 
their  velocities. — To  determine  the  proper 
diameters  of  wheels  to  given  peculiarities. — 
To  find  the  proportional  wheels  for  screw 
cutting  by  a lathe. 

Table  of  Change  Wheels  for  Screw  Cutting. 

Diameters  of  small  wheels. 

Table  of  the  Strength  of  ^Vheel8  of  Cast-Iron. 

Table  of  the  Diameters  of  Wheels  to  contain  a 
given  number  of  Teeth. 

FRICTION. 

PROPERTIES  OF  WATER  AND  AIR. 

■ Effects  produced  hy  water  in  Us  natural  state. 

The  pressure  of  fluids. — The  hydraulic  press. — 
The  weights  of  bodies  obhiineil  by  displace- 
ment of  fluids. — The  resisUince  of  water  to 
bodies  passing  through  it. — Of  water  flowing 
through  orifices.  — Discharging  of  water  by 
rectangular  apertures.  — Flowing  of  water 
through  pipes. 

Table  of  the  Diameters  of  I’ipes  for  the  Dis- 
charging of  Water. 

I.aws  of  the  gravity  of  water. — Rules  relating  to 
water-wheels.  — Turbines,  their  effects,  Ac. 
Rule  to  calculate  the  powers  of  turbines.— 
Overshot  water-wheels,  notice  of. 
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Effects  produced  by  steam. 

Table  of  the  Elastic  Force  of  Steam. — Of  the 
latent  heat  in  steam. — Steam  as  a motive 
power. — Temperature  of  steam. — E.xpansive 
force  of  steam. — Table  of  Hyperbolic  Loga- 
ritluns.  — Condensation  of  steam.  — Boiling 
points  of  impure  water. 

Effects  produced  by  air. 

Table  of  the  expansion  of  Air  by  Heat. — Table 
relating  to  Pumps. — Oxygen  of  the  atmos- 
phere.— Resistance  of  the  atmosphere. — Table 
of  Atmospheric  Force. — Effect  of  wind-mills. 

STEAM  ENGINE  BOILERS. 

To  determine  the  amount  of  heating  surface  in 
a boiler. — Of  waggon-shaped  boilers.  — Of 

LIST  OF 

A.  Delineation  of  Screws. 

B.  Illustration  to  the  Drawing  of  Bevel  Wheels. 

C.  Orthographic  Projection. 

D.  Applications  of  Mechanic  Powers. 

E.  and  F.  Parallel  Motions. 

G.  Elevation  and  Section  of  an  Overshot 


cylindrical  boilers. — Marine  boilers. — Locomo- 
tive boilers. — lleiiting  powers  of  combustibles. 
Observations  on  the  giving  an  order  for  a steam 
engine. 

Table  of  Dimensions  for  Steam  Engine  Cylin- 
ders. 

Units  of  nominal  power. — To  estimate  the  power 
of  an  engine. — To  determine  the  velocity  for 
the  piston  of  a steam  engine. 

Table  of  Approximate  Velocities  for  Pistons. 
Table  for  Parallel  Motions. 

LOGARITHMS. 

Table  of  Logarithms. 

Table  of  Circumferences  and  Areas  of  Circles. 
Table  of  Square  and  Cube  Roots  of  Numbers. 
Table  of  Per-Centage  and  Discount. 

PLATES. 

Water-Wheel,  constructed  by  Messrs. 
Donkin  and  Co. 

H.  Details. 

K.  Boilers  of  the  ‘ Bragansa'  steam  vessel,  by 

Messrs.  Bury,  Curtis,  and  Kennedy. 

L.  Locomotive  Boiler. 


17 

In  One  large  thick  Volume  Octavo,  with  numerous  Engravings,  price  £1  8s. 

A GENERAL  TEXT  BOOK,  for  the  constant  Use  and  Reference 

of  Architects,  Engineers,  Surveyors,  Solicitors,  Auctioneers,  Land  Agents,  and 
Stewards,  in  all  their  several  and  varied  professional  occupations ; and  for  the 
assistance  and  guidance  of  Country  Gentlemen  and  others  engaged  in  the 
Transfer,  Management,  or  Improvement  of  Landed  Property ; containing 
Theorems,  Eormulse,  Rules,  and  Tables  in  Geometry,  Mensuration,  and  Trig- 
onometry ; Land  Measuring,  Surveying,  and  Levelling ; Railway  and  Hydraulic 
Engineering;  Timber  Measuring;  the  Valuation  of  Artificer’s  Work,  Estates, 
Leasehold.s,  Lifeholds,  Annuities,  Tillages,  Fanning  Stock,  and  Tenant  Right ; 
the  Assessment  of  Parishes,  Railways,  Gas  and  Water  Works;  the  Law  of 
Dilapidations  and  Nuisances,  Appraisements  and  Auctions,  Landlord  and  Tenant, 
Agreements  and  Leases.  Together  with  Examples  of  Villas  and  Countiy 
Houses.  By  Edward  Ryde,  Civil  Engineer  and  Land  Surveyor,  Author  of 
several  Professional  Works. 

To  which  are  added  several  Chapters  on  Agriculture  and  Landed  Property.  By 
Professor  Donaldson,  Author  of  several  Works  on  Agriculture. 


CONTENTS. 


Chapter  I. — Arithmetic.  1 Notation — 2 Proof 
of  the  First  Four  Rules — 3 Vulgar  Fractions 
— 4 Decimals — 6 Duodecimals — 6 Powers 
and  Roots — 7 Properties  of  Numbers— 8 Lo- 
garithms and  Mathematical  Tables. 

Chap.  II. — Plain  and  Solid  Geometry.  1 
Definitions — 2 Of  Angles  and  Right  Lines, 
and  their  Rectangles— 3 Of  Triangles — 4 Of 
Quadrilaterals  and  Polygons — 6 Of  the  Cir- 
cle, and  Inscribed  and  Circumscribing  Figures 
— 6 Of  Planes  and  Solids — 7 Practical  Ge- 
ometry. 

Chap.  III. — Mensuration.  1 Comparison  of 
English  and  French  Weights  and  Measures 
— 2 Mensuration  of  Superficies — 3 Mensuration 
of  Solids. 

Chap.  IV.— Trigonometry.  1 Definitions  and 
Trigonometrical  Formulas — 2 General  Propo- 
sitions— 3 Solution  of  the  Cases  of  Plane  Tri- 
angles. 

Chap.  V.— Conic  Sections. 

Chap.  VI.— Land  Measuring.  Including,  Ta- 
ble of  Decimals  of  an  Arc — Table  of  Land 
Measure,  by  dimensions  taken  in  yards. 


Chap.  VII. — Land  Surveying.  1 Parish  and 
Estate  Surveying — 2 Trigonometrical  Survey- 
ing— 3 Traverse  Surveying — 4 Field  Instru- 
ments, the  Prismatic  Compass  ; the  Box  Sex- 
tant ; the  Theodolite. 

Chap.  VIII. — Levelling.  Levelling  Instru- 
ments. The  Spirit  Leyel ; the  Y Level ; 
Troughton's  Level ; Mr.  Gravatt’s  Level ; 
Levelling  Staves — Examples  in  LeveUing. 

Chap.  IX. — Plotting.  Embracing,  the  Cir- 
cular Protractor — The  T Square  and  Semi- 
circular Protractor — Plotting  Sections. 

Chap.  X. — Computation  of  Areas.  The  Pe- 
diometer — The  Computing  Scale — Computing 
Tables. 

Chap.  XL — Copying  Maps.  Including  a de- 
scription of  the  Pentagraph. 

Chap.  XII. — Railway  Surveying.  1 Explo- 
ration and  Trial  I.evels ; Standing  Orders — 
2 Proceedings  subsequent  to  the  Passing  of  the 
Act ; Tables  for  Sotting  out  Curves ; Tables 
for  Setting  out  Slopes ; Tables  of  Relative 
Gradients;  Specification  of  Works  to  be  exe- 
cuted in  the  construction  of  a Railway  ; Form 
of  Tender. 


8 


JOHN  WEALE’S 


Chap.  XIII. — Colonial  Surveying. 

Chap.  XIV. — IIydraclicb  in  connection  with 
Urainaor,  Sewerage,  and  Water  Supply 
—with  Synopsis  of  Ryde's  Hydraulic  Tables — 

Spcciflcaiions,  Iron  Pipes  and  Castings  ; Stone 
Ware  I>nxin  Pipes  ; Pipe  Laying,  Reservoir. 

Chap.  XV. — Timber  Measuring.  Including 
Timlior  Tables,  Solid  Measure,  Unequal  Sided 
Timber ; Superficial  Measure. 

Chap.  XVI. — Artificers’  Work.  1 Brick- 
layei-s’  and  Excavators’  — 2 Slaters’ — 3 Car- 
penters’ and  Joiners’ — i Sawyers’ — 5 Stone- 
masons’— 6 Plasterers’ — 7 Ironmongers’ — 8 
Painters’ — 9 Glaziers’ — 10  Paper  Hangers’. 

Chap.  XVII. — Valuation  of  Estates.  With 
Tables  for  the  Purchasing  of  Freehold,  Copy- 
hold,  or  Leasehold  Estates,  Annuities,  and 
Advowsous,  and  for  Renewing  Leases  for 
Terms  of  Years  certain,  and  for  Lives. 

Chap.  XVIII. — Valuation  of  Tillage  and 
Tenant  Right.  With  Tables  for  Measuring 
and  Valuing  Hay  Ricks. 

Chap.  XIX. — Valuation  of  Parishes. 

Chap.  XX. — Builders’  Prices.  1 Carpenters’ 
and  Joiners’ — 2 Masons’— 3 Bricklayers’ — 4 
Plasterers’ — 5 Ironmongers’ — 6 Drainers’ — 7 
Plumbers’ — 8 Painters’ — 9 Paper  Hangers' 
and  Decorators’ — 10  Glaziers’' — 11  Zinc  Work- 
ers'— 12  Coppersmiths' — 13  Wireworkers’. 

Clmp.  XXI. — Dilapidations  and  Nuisances. 

1 General  Definitions — 2 Dilapidations  by 
Tenants  for  Life  and  Years — 3 Ditto  by  Mort- 
gagee or  Mortgagor — 4 Ditto  of  Party  Walls 
and  Fences — 5 Ditto  of  Highways  and  Bridges 
6 Nuisances. 

Chap.  XXII. — The  Law  relating  to  Ap- 
praisers AND  Auctioneers.  1 The  Law 
relating  to  Appraisements — 2 The  Law  of 
Auction. 

Chap.  XXIII.  — Landlord  and  Tenant. 

1 A^eements  and  Leases — 2 Notice  to  Quit — 

3 Distress — 4 Recovery  of  Possession. 

Chap.^  XXIV. — Tables.  Of  Natural  Sines  and 
Cosines — For  Reducing  Links  into  Feet— De- 
cimals of  a Poimd  Sterling. 

] 

In  24mo.,  cloth  boards,  price  2s.  6d. 

THE  APPRAISER,  AUCTIONEER,  HOUSE  AGENT, 
AND  HOUSE  BROKER’S  POCKET  ASSISTANT,  for  the  Valuation, 
Purchase,  and  the  Renewing  of  Leases,  Annuities,  Reversions,  and  of  Property 
generally ; Prices  for  Inventories,  with  a Guide  to  determine  the  Value  of  the 
Interiois,  Fittings,  Furniture,  &c.  By  John  Wheelek,  Valuer. 

19 

In  Octavo,  extra  cloth  boards,  with  plates,  price  9s. 

ON  THE  ATMOSPHERIC  CHANGES  WHICH  PRO- 
DUCE RAIN  AND  WIND,  AND  THE  FLUCTUATIONS  OF  THE 
BAROMETER.  Second  edition,  with  additional  Essays  and  Diagrams.  By 
Thomas  Hopkins,  M.B.M.S. 

20 

In  8vo.,  with  a large  Map  of  the  Wine  District  of  the  Alto-Douro,  extra  cloth, 

boards,  price  5s. 

THE  PRIZE  ESSAY  ON  PORTUGAL,  being  the  Essgy  for 

which  “ The  Oliviera  Prize  and  Medal”  were  delivered.  300  pages.  By  Joseph 
James  Forrester. 

21 

In  8vo.,  with  Twenty-seven  Folding  Plates,  cloth  boards,  price  12s.  Gd. 

A TREATISE  ON  THE  CURVILINEAR  PERSPECTIVE 

OF  NATURE,  AND  ITS  APPLICABILITY  TO  ART.  By  William 
Gawjn  Hekpman. 


Chaij.  XXV. — Stamp  Laws.  Stamp  Duties — 
Customs’  Duties. 

Examplub  of  Villas  and  Country  Houbeb. 

ON  LANDED  PROPERTY, 

By  Pkofesbou  Donaldson. 

Chap.  I. — Landlord  and  Tenant — Their  Po- 
sition and  Connections. 

Chap.  II. — Lease  of  Land,  Conditions,  and  Re- 
strictions; Choice  of  Tenant,  and  Assignation 
of  the  Deed. 

Chap.  III. — (Cultivation  of  Land,  and  Rotation 
of  Crops. 

Chap.  IV. — Buildings  necessary  on  Cultivated 
Lands, — Dwelling  Houses,  Farmeries,  and 
Cottages  for  Labourers. 

Chap.  V. — Laying  out  Farms,  Roads,  Fences, 
and  Gates. 

Chap.  VI. — Plantations — Young  and  Old  Tim- 
ber. 

Chap.  VII. — Meadows  and  Embankments,  Beds 
of  Rivers,  Water  Courses,  and  Flooded 
Grounds. 

Chap.  VIII. — Land  Draining,  Open  and  Co- 
vered—Plan,  Execution,  and  Arrangement 
between  I/andlord  .and  Tenant. 

Chap.  IX. — Minerals — Working  and  Value. 

Chap.  X. — Expenses  of  an  Estate — Regulations 
of  Disbursements — and  Relation  of  the  ap- 
propriate Expenditures. 

Chap.  XI. — Valuation  of  Landed  Property;  of 
the  SoU,  of  Houses,  of  Woods,  of  Minerals,  of 
Manorial  Rights,  of  Royalties,  and  of  Fee 
Farm  Rents. 

Chap.  XII. — Land  Steward  and  Farm  Bailiff  ; 
Qualifications  and  Duties. 

Chap.  XIII. — Manor  Bailiff,  Woodreeve,  Gar- 
dener, and  Gamekeeper — Their  Position  and 
Duties. 

Chap.  XIV. — Fixed  Days  of  Audit — Half- 
Yearly  Payments  of  Rents — Form  of  Notices, 
Receipts,  and  of  Cash  Books,  General  Map  of 
Estates,  and  of  each  separate  Farm — Conclud- 
ing Observations. 
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22 

GREAT  EXHIBITION  BUILDING.  The  Building  erected 

in  Hyde  Park  for  the  Great  Exhibition  of  the  Works  of  Industry  of  all  Nations, 
1851';  illustrated  by  28  large  folding  Plates,  embracing  Plans,  Elevations,  Sec- 
tions, and  Details,  laid  down  to  a large  scale  from  the  Working  and  measured 
Drawings.  Bv  Charles  Downes,  Architect ; with  a description  by  Charles 
COWPER,  C.  E. 

In  royal  4to,  cloth  boards,  lettered,  price  £1.  11s.  6rf. 

• * This  work  has  every  measured  detail  so  thoroughly  made  out  as  to  enable  the  Engineer  or 
* Architect  to  erect  a construction  of  a similar  nature,  either  more  or  less  extensive. 

The  following  is  a List  of  the  Subjects  and  Plates  : 

CONTENTS. 


Origin  of  the  Great  Exhibition  building. 

General  description  of  the  building. 

Columns. 

Girders  and  trusses. 

Wooden  trusses. 

Cast-iron  girders. 

Wrought-iron  trusses. 

Glass  roof. 

Main  gutters  and  rain-water  connections. 
Galleries. 

Staircases. 

Gallery  railing. 

LIST  OF 

Plan  of  groimd  Uoor. 

Plan  of  galleries. 

Plan  above  galleries. 

South  elevation. 

East  elevation. 

Transverse  section. 

Longitudinal  section. 

Details  of  columns. 

Details  of  vertical  diagonal  bracing. 

Wood  trusses  and  cast-iron  girders. 

Wrought-iron  trusses  under  roof. 

Glass  roof  and  Paxton  gutters. 

Main  gutters. 

Details  of  gallery,  and  ornamental  bands  on 
columns. 

Plans  and  section  of  staircases. 


Transept. 

Lead  flats. 

Outer  walls,  or  sides  of  building. 

Ends  of  Transept. 

Louvres. 

Setting  out  the  building  and  fixing  the  cohunns. 
Proving  girders  and  trusses. 

Hoisting  girders  and  trusses. 

Hoisting  transept  ribs. 

Manufacture  of  the  sash-bars. 

Miscellaneous  details. 

Paxton’s  latest  improvements  in  roofs. 

PLATES. 

Details  of  staircases. 

Ditto,  and  gallery  railing. 

Details  of  transept  roof. 

Details  of  lead  flats. 

Wrought-iron  trusses  under  transept  roof  and 
lead  flat. 

Outer  walls,  or  sides  of  buUdmg. 

Details  of  ditto. 

Details  of  panels  and  joint-plates  at  ends  of 
building. 

External  elevation  of  semicircular  head  of 
transept  end. 

Internal  elevation  of  ditto. 

Details  of  ditto,  and  pedestals  at  south  entrance. 
Details  of  machinery  for  moving  louvres. 


23 

ACCOUNT  OF  THE  CONSTRUCTION  OF  THE  IRON 
ROOF  OF  THE  NEW  HOUSES  OF  PARLIAMl^^NT,  with  elaborate 
engravings  of  details.  In  4to,  with  eight  large  Engravings  and  Text,  6s.  sewed 
in  a wrapper. 


24 

CLARK’S  (EDWIN)  BRITANNIA  AND  CONWAY  TUBU- 
LAR BRIDGES;  with  general  inquiries  on  beams,  and  on  the  properties  of 
materials  used  in  construction.  Published  with  the  sanction  and  under  the 
suj)ervision  of  R.  Stephenson,  Esq.  In  2 vols.  royal  8vo.,  comprising  Text  and 
folio  volume  of  Plates,  some  of  w'hich  are  coloured;  price  £4.  14s.  6c<?.,  or  on 
large  gaper  £6.  6s. 

25 

FAIRBAIRN’S  (WILLIAM,  C.  E.)  CONWAY  AND  MENAI 

TUBULAR  BRIDGES,  with  the  experimental  explanations.  In  1 vol.  royal 
8vo.,  with  several  illustrative  Plates,  price  £2.  2s. 

Some  few  copies  of  the  plates  printed  in  folio,  the  text  in  8vo.,  both  very  neat  in  half-morocco 

price  £2  IS.*!. 
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TREDGOLD  ON  THE  STEAM  ENGINE. 

Published  in  74  Parts,  price  2s.  Gd.  each,  in  4to.,  illustrated  by  very  numerous 
engravings  and  wood-cuts,  a new  and  much  extended  edition,  now  complete  in 
3 vols.  bound  in  4,  in  elegant  half-morocco,  price  Nine  Guineas  and  a Half. 

THE  STEAM  ENGINE,  IN  ITS  PROGRESSIVE  AND 

PRESENT  STATE  OF  IMPROVEMENT,  practically  and  amply  elucidating, 
in  every  detail,  its  modifications  and  applications,  its  duties  and  consumption  of 
fuel,  with  an  investigation  of  its  principles  and  the  proportions  of  its  parts  for 
efficiency  and  strength  ; including  examples  of  British  and  American  recently 
constructed  engines,  with  details,  drawn  to  a large  scale. 

The  well-known  and  highly  appreciated  Treatise,  Mr.  Tredgold’s  national  Work 
on  the  Steam  Engine,  founded  on  scientific  principles,  and  compiled  from  the 
practice  of  the  best  makers — shewing  also  easy  rules  for  constmction,  and  for  the 
calculation  of  its  power  in  all  cases — has  commanded  a most  extensive  sale  in  the 
several  English  editions,  and  in  Translations  on  the  Continent.  These  editions 
being  now  out  of  prints  the  proprietor  has  been  induced  to  enlarge  and  extend  the 
present  edition  by  practical  examples  of  all  kinds,  with  the  most  recent  improve- 
ments in  the  construction  and  practical  operations  of  the  steam  engine  both  at 
home  and  abroad. 

The  work  is  divided  in  the  sections  named  below,  either  of  which  may  be  pur- 
chased separately : working  engineers  will  be  thus  enabled  to  select  those  portions 
which  more  especially  apply  to  the  objects  upon  which  they  may  be  respectively 
employed. 

Several  scientific  men,  extensively  and  practically  employed,  have  contributed 
original  and  really  practical  papers  of  the  utmost  utility ; by  which  the  value  of 
this  extended  edition  is  much  increased.  A copious  Index  for  reference  is  added. 

Division  A.  Locomotive  Engines,  41  plates  and  55  wood-cuts,  complete,  making 
Vol.  I.  In  half-morocco  binding,  price  £2  I2s.  Qd. 

Division  B.  Marine  Engines,  British  and  American,  numerous  plates  and  wood- 
cuts,  making  Vol.  II. ; bound  in  2 vols.  half-morocco,  price  £3  13s.  Gd. 

Division  C to  G,  making  Vol.  III.,  and  completing  the  work,  comprising  Sta- 
tionary Engines,  Pumping  Engines,  Engines  for  Mills,  and  several  examples  of 
Boilers  employed  in  the  British  Steam  Navy.  In  half-morocco,  price  £3  13s.  Gd, 


list  of  plates,  division  a.  locomotive  engines. 


Elevation  of  the  8-wheeled  locomotive  engine 
and  tender,  the  Ikon  Duke,  on  the  Great 
Western  Railway. 

Longitudinal  section  of  ditto. 

Plan,  ditto. 

Transverse  sections,  ditto. 

Details  of  ditto ; transverse  section  through 
working  gear,  transverse  section  and  end  view 
of  tender;  plan  and  section  of  feed-pump; 
plan  and  elevation  of  hand-pump  ; details  of 
inside  framing,  centre  axle,  driving  axle-box, 
regulation  valve,  centre-beam  stay,  &c. 

Elevation  of  Crumpton’s  patent  locomotive 
engine  and  tender. 

Longitudinal  section  of  ditto. 

Plan  of  ditto. 

Transverse  section  of  ditto. 

Elevation  of  the  Pyracmon  six-wheeled  goods’ 
engine  on  the  Great  Western  Railway. 

Half-plan  of  the  working  gear  of  ditto. 

Diagrams,  by  J.  Sewell,  L.E.,  of  resistances 
per  ton  of  the  train  ; and  portion  of  engines 
of  the  class  of  the  Great  Britain  locomotive, 
including  tender,  with  various  loads  and  at 
various  velocities  ; also  of  the  additional  resis- 
tance in  lbs.  per  ton  of  the  train,  when  the 
engine  is  loaded,  to  be  added  to  the  resistance 
per  ton  of  the  engine  and  tender  w'hen  un- 
loaded. 

Side  and  front  elevation  of  an  express  carrmge 
engine,  introduced  on  the  Eastern  Counties 
Railway  by  James  Samuel,  C.E.,  Resident 
Engineer. 


1 Longitudinal  and  cross  section  of  ditto. 

Plan  of  ditto;  with  plan  and  section  of  cylin- 
ders, details  and  sections,  piston  full  size. 

Elevation  of  the  outside-cylinder  tank  engine 
made  by  Messrs.  Sharpe  Brothers  & Co.,  of 
Manchester,  for  the  Manchester  and  Birming- 
ham Railway. 

Section  of  cylinder  and  other  parts,  and  part 
elevation  of  ditto. 

Longitudinal  section  of  ditto. 

Plan  of  ditto. 

Transverse  sections  of  both  ends,  with  sectional 
parts. 

Mr.  Edward  Wood’s  experiments  on  the  several 
sections  of  old  and  modern  valves  of  locomo- 
tive engines, — viz.  fig.  1,  stroke  commences  ; 
fig.  a,  steam-port  open ; fig.  3,  steam-port 
open;  fig.  4,  steam-port  open;  fig.  5,  stroke 
completed,  steam  cut  oflf,  exhaustion  com- 
mences; fig.  6,  stroke  commences;  fig.  7, 
steam-port  full  open  ; fig.  8,  steam  cut  off ; 
fig.  9,  exhaustion  commences ; fig.  10,  steam 
completed.  f _ 

Ditto,  dr.awn  and  engraved  to  half-size : fig.  1, 
old  valve,  f-inch  lap  ; fig. 

3,  j-inch  lap ; fig.  4,  J-inch  lap,  Gray's 
patent ; fig.  5,  1-inch  lap. 

Elevation  of  a six-wheeled  locomotive  engine 
and  tender.  No.  15,  constructed  by  Messrs. 
Tayleur,  Vulcan  Foundry,  Warrington,  for 
the  Caledonian  Bailw.iy. 

lAjugitudinal  section  of  ditto. 
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rian  of  ditto,  engine  and  tender,  with  cylin- 
dricsxl  part  of  boiler  removed. 

Elevations  of  fire-box,  section  of  fire-box,  sec- 
tion of  smoke-box  of  ditto. 

Elevations  and  sectional  parts  of  ditto. 

Sectional  parts,  half-plan  of  working  gear,  ditto. 

Elevation  of  Messrs.  Robert  Stephenson  and 
Co.’s  six-wheeled  patent  locomotive  engine 
and  tender. 

Longitudinal  section  of  ditto. 

Plan  and  details  of  Stephenson's  patent  engine. 

Section  of  fire  box,  section  of  smoke-box, 
front  and  back  elevations  of  the  same. 

Plan  of  a six-wheeled  engine  on  the  Birming- 
ham and  Shrewsbury  Railway,  constructed  by 


Messrs,  Bury,  Curtis,  & Kennedy,  Liverpool. 

Longitudinal  section  of  ditto. 

Sectional  elevation  of  the  smoke-box  of  ditto. 

Sectional  elevation  of  the  fire-box  of  ditto. 

Elevation  of  the  locomotive  engine  and  tender, 
Plbws,  adapted  for  liigli  speeeds,  constructed 
by  Messrs.  R.  & W.  Hawthorn,  of  Newcastle- 
upon-Tyne,  for  the  York,  Newcas’le,  and 
Berwick  Railway  Company. 

Longitudinal  section  of  ditto.  This  section  is 
through  the  fire-box,  boiler,  and  smoke-box, 
shewing  the  tubes,  safety-valve,  whistles, 
steam  and  blast  pipes,  &c. 

Plan  of  ditto. 

Plan  of  the  working  gear,  details,  &c.  &c. 


Fortij-one  plates  and  fifty -five  wood  engravings. 


DIVISION  B. — MARINE  ENGINES,  ETC. 


Two  plates,  comprising  figures  1,  2,  and  3, 
Properties  of  Steam. 

Plan  of  H.M.  screw  steam  frigate  Dauntless, 
constructed  by  Robert  Napier,  Esq. 

Longitudinal  elevation  and  transverse  section 
of  ditto. 

Longitudinal  section  at  A B on  plan,  longi- 
tudinal section  at  C 1)  on  plan  of  ditto. 

Engines  of  H.M.  steam  ship  Terkible,  con- 
structed by  Messrs.  Maudslay,  Sons,  and 
Field,  on  the  double-cylindrical  principle. 
Longitudinal  sections  of  engines. 

Transverse  section  and  end  view  of  ditto. 

Transverse  section  through  boilers  of  ditto. 

Plan  of  engines,  shewing  also  bunkers,  paddles, 
<tc. 

Oscillating  engines  of  the  Peninsular  and 
Oriental  Company’s  steam  vessel  Ariel, 
constnicted  by  John  Penn  and  Sons.  Longi- 
tudinal section. 

Section  at  engines  of  ditto. 

Section  at  boiler  of  ditto. 

Plan  at  boiler  of  ditto. 

Section  at  air-pump— section  at  cylinder  of 
ditto. 

Annular  cylinder  engines  of  the  iron  steam 
vessels  Princess  Mary  and  Princess 
Maude,  constructed  by  Maudslay,  Sons,  and 
Field.  Longitudinal  section. 

Transverse  section  at  engines  of  ditto. 

Section  at  boilers  of  ditto. 

Plan  of  engines  of  ditto,  shewing  bunkers, 
paddles,  &c. 

Plan  of  engines  of  H.  M.  steam  vessel  Simoom, 
constructed  by  James  Watt  & Co.,  of  London 
and  Soho. 

Lonititudinal  section  of  ditto. 

Cross  section  of  ditto. 

Engine  of  the  Red  Rover,  side  view  and  plan. 

Longitudinal  section  of  ditto. 

Cross  sections  of  ditto. 

Sheer  draught  and  plans  of  vessel. 

Plan  of  the  engine  of  H.M.  steam  frigate  PhffiNix. 

Longitudinal  section  of  engine  of  ditto. 

Cross  section  of  ditto. 

Engine  of  the  Ruby  steam  vessel,  elevation  &plan. 

Sheer  draught  and  plan  of  vessel. 

Plan  of  en^ne  of  the  Wilbeefobcb,  Hull  aud 
London  packet. 

Cross  section  of  ditto  and  vessel. 

Longitudinal  section  of  engines  of  ditto. 

Elevation  of  engines  of  ditto. 

Engines  of  the  Berenice,  Hon.  E.  I.  Co.’s  steam 
vessel. 

Section  of4itto. 

Sheer  draught  and  plan,  stern  view,  and  body 
plan  of  vessel. 

View  of  the  Berenice  whilst  at  sea. 

Boilers  of  H.M.  ships  IIsume.s,  Stitfikb,  and 
Firefly. 

Kingston’s  valves,  ns  fitted  on  board  sea-going 
vessels  for  blow-off  injection,  and  hand-pump 
sea  valves. 


Boilers  of  H.M.  steam  vessel  African. 

Morgan's  paddle-wheels,  as  fitted  in  H.M.S. 
Medea. 

Side  elevation  of  ditto. 

Plans  of  upper  and  lower  decks  of  H.M.S. 
Medea. 

Sheer  draught  and  profile  of  ditto. 

Morgan  and  Seaward's  paddle-wheels,  compara- 
tively. 

Positions  of  a float  of  a radiating  paddle-wheel 
in  a vessel  in  motion,  and  positions  of  a float 
of  a vertically  acting  wheel  in  a vessel  in 
motion. 

Cycloidal  paddle-wheels. 

Sailing  of  steamers  in  five  points  from  courses. 

Experimental  steaming  and  sailing  of  the  Cale- 
donia, Vanguard,  Asia,  and  Medea. 

Engines  of  H.M.  steam  ship  Megasra. 

Engine  of  the  steam  boat  New  World,  T.  F. 
Secor  & Co.,  Engineers,  New  York.  Eleva- 
tion and  section. 

Elevations  of  cylinder  and  crank  ends. 

Steam  cylinders,  plans,  and  sections. 

Details. 

Several  sections  of  details. 

Details  and  sections. 

Details  of  parts. 

Plans  and  sections  of  condenser,  bed-plates,  air- 
pump  bucket,  &c. 

Details  and  sections,  injection  valves. 

Details,  plan  and  elevation  of  beams,  &c.  &c. 

Details,  sections  of  parts,  boilers,  &c.  of  the 
steam  boat  New  World. 

Sections,  details,  and  paddles. 

Engines  of  the  U.  S.  mail  steamers  Ohio  and 
Georgia.  Longitudinal  section. 

Elevations  and  cross  sections  of  ditto. 

Details  of  steam-chests,  side-pipes,  valves,  and 
valve  gear  of  ditto. 

Section  of  valves,  and  plan  of  piston  of  ditto. 

Boilers  of  ditto,  sections  of  ditto. 

Engine  of  the  U.  S.  steamer  Water-Witch. 
Sectional  elevation. 

Steam-chests  and  cylinders  of  ditto. 

Boilers,  sections,  &c.  of  ditto. 

Boilers  of  the  U.S.  steamer  Powhatan. 

Front  view  and  sections  of  ditto. 

Elevation  of  the  Pittsburg  and  Cincinnata  Ame- 
rican packet  Buckeye  State. 

Bow  view,  stern  view. 

Plan  of  the  Buckeye  State. 

Model,  &c.  of  ditto,  wheel-house  frame,  cross 
section  at  wheel-house,  and  body  plan. 

Plan  and  side  elevation  of  ditto. 

Sheer  draught  and  plan,  with  the  body  plan,  of 
the  U.S.  steam  frigate,  Saranac. 

Longitudinal  section  of  ditto,  cross  section. 

Engines  of  the  U.S.  steamer  Susquehanna. 

Elevation  of  the  U.S.  Pacific  steam  packet  en- 
gine. 

Plan  of  ditto. 

Boilers  of  ditto,  end  views. 

Ditto  ditto. 


Eighty -five  engravings  and  fifty-one  wood-cuts. 
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DIVISION  0.  TO  Q.,  FOIiMING  VOL.  III. 


STATIONAKY  ENGINES,  PUMPING 

Side  elevation  of  pumping  engine,  U.  S.  dock, 
New  York. 

End  elevation  of  ditto. 

Elevation  and  section  of  the  pumps,  ditto. — 2 
plates. 

Boilers  of  pumping  engines,  ditto. 

Boilers,  Details,  &c.,  of  pmnping  engines,  ditto. 

Plan  of  the  hollers,  ditto. 

Isometrical  projection  of  a rectangular  boiler. 

Plan  and  two  sections  of  a cylindrical  boiler. 

Brunton’s  apparatus  for  feeding  furnace-fires  by 
inetms  of  machinery. 

Parts  of  a high-pressure  engine,  with  a 4-pas- 
saged  cock. 

Section  of  a double-acting  condensing  engine. 

Section  of  a common  atmospheric  engine. 

On  the  construction  of  pistons. 

Section  of  steam  pipes  and  valves. 

Apparatus  for  opening  and  closing  steam  passages. 

Pai-allel  Motions. — 2 plates. 

Plan  and  elevation  of  an  atmospheric  engine. 

Elevation  of  a single-acting  Boulton  and  Watt 
engine. 

Double-acting  engine  for  raising  water. 

Double-acting  engine  for  impelling  machinery. 

Maudslay’s  portable  condensing  engine  for  im- 
pelling machinery. 

Indicator  for  measuring  the  force  of  steam  in  the 
cylinder,  and  diagrams  of  forms  of  vessels. 

Section  of  a steam  vessel  with  its  boiler,  in  two 
parts — diagrams  shewing  fire-places — longi- 
tudinal section  through  boiler  and  fire-places. 

Isometrical  projection  of  a steam-boat  engine. 

Plan  and  section  of  a steam-boat  engine. 

Ten  horse-power  engine,  constructed  by  W. 
Fairbairn  and  Co. — 4 plates. 

Forty-five  horse-power  engine,  constructed  by 
W.  Fairbairn  <fc  Co. — 3 plates. 

Plan  and  section  of  boiler  for  a 20-horse  engine, 
at  the  manufactory  of  Whitworth  and  Co., 
Manchester. 

Messrs.  Hague’s  double-acting  cylinder,  with 
slides,  &c. 

Sixty -five  inch  cylinder,  erected  by  Maudslay, 
Sons,  and  Field,  at  the  Chelsea  Water-works. 
— 5 plates. 

Beale's  patented  rotary  engine. 

Double-story  boilers  of  H.M  S.  Devastation, 
400  H.P. 

Refrigerator  feed  and  brine  piunps. 

Feed  and  brine  apparatus,  as  fitted  on  board  the 
West  India  Royal  Mail  Company’s  ships. 

Boilers  of  H.M.  steam  sloop  Basilisk,  400  H.P. 

Boilers  of  the  Singapore,  470  H.P.,  Peninsular 
and  Oriental  Company. 

Original  double-story  boilers  of  the  Great 
Western. 

Telescopic  chimney,  or  sliding  funnel,  of  H.M. 
ship  Hydra,  220  H.P. 

Seaward’s  patent  brine  and  feed  valves. 

Boilers  of  H.M.  mail-packet  Undine,  (Miller, 
Ravenhill,  & Co.),  100  H.P. 

Cross  sections  of  engines  of  H.M.  mail  packet 
Undine. 

Longitudinal  elevation  of  ditto. 

Brine  pumps  as  fitted  on  board  H.M.S.  Medea, 
220  H.P.  (Maudslay,  Sons,  & Field.) 

BoUers  of  H.M.S.  Hydra,  220  H.P. 

Plan  of  the  four  boilers,  with  the  supplementary 


ENGINES,  MARINE  BOILERS,  ETC. 

steam  chests andshut-off valves  ofthe  A vkngkh. 

Boilers  of  H.M.  steam  ship  Niger,  400  H.P., 
fitted  by  Maudslay,  Sons,  and  Held. 

Experimental  boiler,  Woolwich  Yard. 

Boilers  of  H.M.S.  Terrible,  800  HP.  (Mauds- 
lay.  Sons,  and  Field.) 

Boilers  of  the  Minx  and  Teaser,  100  H.P. 
(transferred  to  Wasp.) 

Boilers  of  the  Samson,  450  H.P. 

Daniel’s  pyrometer,  full  size. 

Boilers  of  the  Desperate,  400  H.P.  (Maudslay, 
Sons,  and  Field.) 

Boilers  ofthe  Niger  (2nd  plate). 

Boilers  of  H.M.S.  Basilisk  (2nd  plate). 

Boilers  of  the  Undine. 

Boilers  of  the  Royal  Mail  steam  ships  Asia  and 
Africa,  768  H.P.,  constructed  by  R.  Napier, 
Glasgow. 

Longitudinal  and  midship  sections  of  ditto. 

Boilers  of  H.M.S.  La  Hogue,  450  H.P.  (Sea- 
ward &,  Co. ) 

H.M.S.  SiDON,  560  H.P.  Plan  of  telescope 
funnel. 

Boilers  of  H.M.S.  Brisk,  250  H.P. 

Copper  boilers  for  H.M.S  Sansparkil,  350  H.P. 
(James  Watt  & Co.) 

American  marine  boilers,  designed  and  executed 
by  C.  W.  Copeland,  Esq.,  of  New  York,  as 
fitted  on  board  the  American  packets. 

Midship  section  of  the  hull  of  the  steam  packet 
Pacific,  New  York  and  Liverpool  line. 

Elevation  of  pumping  engines  of  the  New  Or- 
leans Water-works,  U.  S.,  arranged  and 
drawn  by  E.  W.  Smith,  Engineer,  constructed 
at  the  Allaire  Works,  New  York. 

Elevation  of  pumps  & vMves,  chests,  gearing,  &c. 

Elevation  at  steam  cylinder  end. 

General  plan  of  a turbine  water-wheel  in  ope- 
ration at  Lowell,  Massachusets,  U.  S.,  by  J. 
B.  Francis,  C.E. 

Elevation  of  ditto. section  of  ditto. 

Plan  of  the  floats  and  guide  curves,  ditto. 

Large  self-acting  surfacing  and  screw-propeller 
lathe,  by  Joseph  Whitworth  & Co.,  Man- 
chester. 

Longitudinal  section,  shewing  arrangement  of 
engine-room  for  disc  engine  applied  to  screw 
propeller,  and  Bishop’s  disc  engine,  by  G.  & 
J.  Rennie,  with  details. 

Arrangement  of  engine-room  for  engines  of  60 
horse-power,  for  driving  propellers  of  H.M. 
steam  vessels  Reynard  and  Cruiser,  con- 
structed by  Messrs.  Rennie.  Longitudinal 
section  and  engine-room. 

Ditto.  Transverse  sections  at  boilers  and  at 
engines. 

Very  elaborate  diagrams,  shewing  experiments 
and  results  of  various  paddle-wheels. — 8 plates. 

Steam  fiour-miUs  at  Smyrna,  constructed  by 
Messrs.  Joyce  <fc  Co.  Double  cylinder  pen- 
dulous condensing  engine,  side  elevation. 

Side  elevation,  horizontal  plan,  ditto. 

Longitudinal  section. 

Horizontal  plan  of  mill -house  and  boilers. 

Transverse  section  through  engine  house  and  mill. 

Boilers,  longitudinal  and  transverse  sections, 
front  view. 

Section  through  mill-stones,  elevation  of  upper 
part,  section  of  lower  part,  plan  of  hopper,  &fi. 


Vol.  I. 

SUMMARY  OF  THE  ILLUSTRATIONS. 

Locomotive  Engines  ..... 

Plates. 

41 

Wood-cuts 

55 

II. 

Marine  Engines  . . . • • . • 

85 

51 

III. 

Stationary  Engines,  Pumping  Engines,  Engines 
for  Flour-Mills,  Examples  of  Boilers,  &c.  &c.  . 

100 

oS 

Total 

226 

161 
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27 

HIGH-PRESSURE  ENGINES.— ALBAN  (Dr.  ERNST).— 

THE  HIGH-PRESSUKE  STEAM  ENGINE:  an  exposition  of  its  compara- 
tive merits,  and  an  essay  towards  an  improved  system  of  constmction  adapted 
especially  to  secure  safety  and  economy.  Translated  from  the  German,  with 
Notes,  by  Wm.  Pole,  C.  E.,  P.  R.  Ast.  Assoc.  Inst.  C.  E.  In  2 vols.  8vo.,  witli 
28  fine  plates  by  Gladwin,  (complete  work,)  price  16s.  6c?. 

28 

STEAM  ENGINE,  THE  THEORY  OF  THE,  shewing  the  inac- 
curacy of  the  methods  in  use  for  calculating  the  effects  or  the  proportions  of 
Steam  Engines,  and  supplying  a series  of  practical  formulas  to  determine  the 
velocity  of  any  engine  with  a given  load,  the  load  for  a stated  velocity,  the 
evaporation  for  desired  effects,  the  horse-power,  the  useful  effect  for  a given  con- 
sumption of  water  or  fuel,  the  load,  expansion,  and  counterweight  fit  for  the 
production  of  the  maximum  useful  effect,  &c.  With  an  Appendix,  containing 
concise  rules  for  persons  not  familiar  with  algebraic  signs,  and  intended  to  render 
the  use  of  the  formulce  contained  in  the  work  perfectly  clear  and  easy.  By 
Comte  F.  M.  G.  de  Pambour.  In  demy  8vo.,  extra  cloth  boards.,  price  12s. 

29 

In  4to.,  piice  2s.  6rf. 

RESULTS  OF  EXPERIMENTS  ON  THE  DISTURBANCE 

OF  THE  COMPASS  IN  IRON-BUILT  SHIPS,  made  by  George  Biddel 
Airy,  Esq.,  A.M.,  Astronomer  Royal,  at  the  desire  of  the  Board  of  Admiralty. 


30 

MACHINERY  AND  MANUFACTURES  IN  GREAT  BRI- 
TAIN, PROGRESS  OF,  as  exhibited  chiefly  in  chronological  notices  of  some 
letters  patent,  granted  for  inventions  and  improvements  from  the  earliest  times 
to  the  reign  of  Queen  Anne.  In  1 vol.  4to.,  price  £1  Is.  in  boards. 

31 

In  4to.,  price  2s.  6c?. 

ON  THE  PROPULSION  OF  VESSELS  BY  THE  SCREW. 

By  R.  Bodmer,  C.  E. 


WORKS  ON  NAVAL  ARCHITECTURE. 


32 

In  1 vol.,  4to.  text,  and  a large  atlas  folio  volume  of  plates,  half-bound,  price 

£6  6s. 

THE  ELEMENTS  AND  PRACTICE  OF  NAVAL  ARCHI- 
TECTURE ; or,  a Treatise  on  Ship  Building,  theoretical  and  practical,  on 
the  best  principles  established  in  Great  Britain ; -with  eopious  Tables  of  Dimen- 
sions, Scantlings,  &c.  The  third  edition,  with  an  Appendix,  containing  the 
principles  and  practice  of  constnicting  the  Royal  and  Mercantile  Navies,  as 
invented  and  introduced  by  Sir  Robert  Seppings,  Surveyor  of  the  Navy.  By 
John  Knowles,  F.R.S.  Illustrated  with  a Series  of  large  Draughts  and  nu- 
merous smaller  engravings. 

LIST  OF  PLATES. 


Perspective  of  the  frame  of  a 100-gun  ship. 
Construction  of  an  arch,  circles,  &c. 

Cones. 

Capstans,  crabs. 

Conducting  bodies  and  bars. 

Floating  bodies. 


Uepresentation  of  a flying  proa. 

Experiments  on  stability. 

Scale  of  solidity  on  tonnage  and  displacements. 
Machines  for  driving  and  drawing  bolts. 
Longitudinal  section  and  plan  of  a 74-gun  ship. 
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Plates  of  Details. — The  following  are  exceedingly  large : — 


Construction  1.  Draught  of  a ship  proposed  to 
cari'y  80  guns,  upon  two  decks,  with  details. 

■  2.  Disposition  of  the  frame  for  a 

ship  of  80  guns. 

• 3.  The  planking  expanded  of  the 

80-gun  ship. 

4.  Profile  of  the  inboard  works  of 

the  80-gun  ship. 

■  5.  Plans  of  the  gun  deck  and  orlop 

of  ditto. 

6.  Plans  of  the  quarter-deck,  fore- 
castle, and  upper  deck  of  ditto. 

7.  klain  gear  capstan  of  an  80-gun 

ship,  wmdlasB,  &c.,  and  details. 

8.  Midship  section  of  a 74-gun 

ship ; midship  section  of  a 74-gim  ship,  as 
proposed  by  Mr.  Snodgrass ; midship  section 
of  a 36-gun  frigate  ; midship  section  of  a 36- 
gim  frigate,  as  proposed  by  Mr.  Snodgrass; 
sketches  of  a new  plan  proposed  for  framing 
ships,  and  of  the  best  mode  of  adopting  iron- 
work in  the  construction,  and  other  details. 

Construction  9.  Sheer  draught  and  plans  of  a 
40-gun  frigate,  with  launch,  &c. 

— 10.  Sheer-draught,  half-breadth 

and  body  plans  of  a sloop  of  war. 

11.  Draught  of  the  “Dart”  and 

“ Arrow”  sloops,  as  designed  by  General 
Bentham. 

12.  A brig  of  war,  18  guns. 

13.  Inboard  works  of  ditto. 

-■  ■■  14.  Plans  of  the  upper  and  lower 

decks  and  platforms  of  a brig  of  war. 

— — 16.  Yacht  “ Royal  Sovereign.” 

16.  Yacht  buUt  for  the  Prince 

Royal  of  Denmark. 

' — 17.  Plans  and  sections  of  the  inte- 
rior of  a fire-ship. 

18.  Draught  and  plans  of  a bomb 

vessel. 

19.  A cutter  upon  a new  construc- 
tion, with  mode  of  fitting  sliding  keels. 

20.  Sheer  draught,  half-breadth 

and  body  plans  of  an  East  Indiaman. 


Construction  21.  Sheer  draught,  h.ilf-breadth 
and  body  plans  of  a West  Indiaman. 

22.  A collier  brig  of  170  tons. 

23.  A Virginia-built  boat  fitted  for 

a privateer. 

24.  A fast  sailing  schooner. 

25.  A Virginia  pilot  boat. 

26.  A Berwick  Smack. 

27.  A sloop  of  60  tons  in  the 

London  trade,  particularly  distinguished  for 
her  capacity  and  velocity. 

28.  A Southampton  fishing  hoy. 

; 29.  The  long  boat  of  an  80-gun 

ship,  shewing  the  nature  and  construction  by 
whole  moulding. 

Construction  30.  A launch,  pinnace,  eight-oared 
cutter,  yawl,  <fcc. 

31.  Wherry,  life -boat,  whale  boat, 

a gig,  a swift  rowing-boat. 

32.  Laying  off,  plan  of  the  fore- 
body, sheer,  and  half-breadth  plan  of  the 
fore-body,  belonging  to  the  square-bodies, 
&o. 

33.  Plan  of  the  after-body,  sheer, 

and  half-breadth  plans  of  the  after-body, 
&c. 

- 34.  After-body  plan,  fore-body 

plan,  sheer  and  half-breadth  plans  of  the 
after-cant  body,  sheer,  and  hall-breadth  plans 
of  the  fore-cant  body. 

■ ■ 35.  Horizontal  transoms,  cant  tran- 

soms, sheer  plan,  body  plan,  &c. 

■  36.  Square  tuck,  body  plans,  sheer 

and  half-breadth  plans. 

37.  Hawse  pieces,  cant  hawse 

pieces,  <fec. 

38.  Laying  off  of  the  stern,  laying 

off  of  the  harpins,  plan  of  the  stern,  sheer 
plans,  body  plans. 

39.  Plans,  elevations,  and  sections, 

of  the  different  contrivances  for  fitting  the 
store-rooms,  &c.  on  the  orlop  of  an  80-gim 
ship,  shewing  the  method  of  fitting  aU  ships 
of  the  line  in  future. 
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Drawn  and  Engraved  with  Dimensions,  8vo.  text,  and  folio  plates. 

Price  12s. 

THE  NAVAL  ARCHITECT’S  PORTFOLIO,  and  the  Student’s 

Practical  Instructor  in  the  Constniction  and  Draughting  of  Ships  for  War,  Mer- 
cantile, and  Steam  Packet  Service — Iron  and  Timber.  By  H.  A.  Summerfeldt, 
Lieutenant  in  the  Royal  Norwegian  Navy. 
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In  3 parts  or  volumes,  in  12mo.,  with  numerous  plates  and  wood-cuts. 

Price  3s. 

RUDIMENTS  OF  NAVAL  ARCHITECTURE;  or,  an  Expo- 
sition OF  THE  Elementary  Principles  of  the  Science,  and  the  practical 
APPLICATION  to  Naval  CONSTRUCTION,  for  the  Use  of  Beginners.  By  James 
Peake,  Naval  Architect. 


35 

In  12md.,  with  numerous  wood-cuts,  price  Is. 

HINTS  ON  THE  PRINCIPLES  WHICH  SHOULD  REGU- 
LATE THE  FORM  OF  SHIPS  AND  BOATS;  derived  from  Original 
Experiments.  By  William  Bland,  Esq.,  Author  of  “On  the  I'linciples  of 
Construction  of  Arches,”  &c. 


NEW  LIST  OF  WORKS. 
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Large  atlas  folio  plates,  price  £2  2.». 

NAVAL  ARCHITECTURE;  or,  The  Rudiments  and  Rules 

OF  Ship  Building  ; exemplified  in  a Series  of  Draughts  and  Plans.  By  Mab- 
M A DUKE  StALKABTT,  N.A. 


CONSISTING  OF  IN  PLATES  ONLY — 


1.  A long  boat  for  a third-rate,  six  figures  of 
various  draughts. 

2.  A yacht  of  14:1  tons,  ten  figures  of  several 
draughts. 

3.  A sloop  of  331  tons,  sheer  draught  and 
bottom,  fore  and  aft-bodies. 

4.  A sloop  of  war,  cant  timbers. 

5.  The  bottom  and  top  side. 

6.  44 -gun  frigate,  fore  and  aft,  and  bottom,  a 
very  fine  and  large  engraving. 

7.  Draughts,  several. 

8.  The  shift  of  the  planks  in  the  top  side,  and 


the  dispositions  of  the  timbers  in  ditto. 

9.  74-gun  ship,  sheer  draught  and  bottom,  fore 
and  aft-bodies. 

10.  Draughts  several. 

11.  Right  aft,  a level  view  of  the  stern  of  a 
74-gun  ship,  side  view  of  the  head  and  quarter- 
gaUery,  &c. 

12.  A cutter,  draughts,  &c. 

13.  Exact  method  of  ending  the  lines  of  different 
sections. 

14.  A frigate,  sheer  draught,  bottom,  fore  and 
aft -bodies. 


These  plates  exhibit  fineness  and  correctness  of  drawing  and  engraving,  and  upon 

a large  scale  of  rare  occurrence. 


STEAM  NAVIGATION. 
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In  atlas  folio  size,  with  25  very  finely  engraved  plates  by  Le  Keux,  price  25s. 

THE  GREAT  BRITAIN  ATLANTIC  STEAM  SHIP  of3500 

tons,  constructed  of  iron,  with  engines  of  1000  to  2000  horse-power,  and  the 
screw  propeller ; with  scales  and  figured  dimensions  to  all  the  parts. 


LIST  OF  plates  OF  THE  GREAT  BRITAIN. 


1.  Section  of  fore-end  of  engine-room  looking 
aft. 

2.  Section  at  aft-end  of  the  boilers. 

3.  Section  through  the  centre  part  of  the  en- 
gine-room, looking  forward. 

4.  5.  Flans,  elevations,  and  sections  of  the 
cylinders. 

6,  7.  Main  driving  shafts  and  cranks,  details. 

8,  9.  Section  at  the  fore-end  of  the  boilers. 

10,  11.  Air-pump,  connecting-rod,  elevation  and 
plan  of  the  parallel  motion,  air-pumps. 

12,  13.  Piston,  rods,  and  parallel  motion,  blocks, 
with  plan. 

14,  15.  Section  shewing  the  manner  of  car- 


rying the  cargo  deck,  and  disposition  of 
the  plate-sleepers  in  the  ship’s  bottom,  after 
end. 

16,  17.  Section  at  the  after-end  of  the  vessel, 
shewing  sleepers  and  lower  cargo  deck. 

18,  19.  Upper  cargo  deck,  forward,  shewing  the 
mode  of  fixing  to  the  sides  of  the  vessel. 

20,  21.  Plan  of  the  engine  and  boiler-room, 
upper  deck.  ' • 

22,  23.  Longitudinal  section  through  the  engines 
and  boilers. 

24,  25.  End  elevation  of  the  screw  propeller ; 
elevation  of  the  after-end  of  the  vessel,  shew- 
ing screw  propeller  and  rudder. 


In  one  very  large-sized  plate,  finely  engraved  by  Lowry,  price  IO5.,  with  scales 

and  measures. 


THE  SHEER  DRAUGHT  BODY  PLAN,  AND  BOTTOM 

OF  THE  IRON  SHIP  GREAT  BRITAIN. 
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Collected  and  bound  uniformly  in  one  folio  volume,  with  the  Text  in  medium 
quarto,  half-cloth  boards,  price  £5  15s.  Qd;  forming  a complete  and  separate 
work  from  any  edition  of  Tredgold  on  the  Steam  Engine. 

APPENDICES  TO  THE  ELABORATELY  PREVIOUSLY  PUBLISHED 

EDITION  OP 

TREDGOLD  ON  THE  STEAM  ENGINE,  AND  ON  STEAM 

NAVIGATION,  complete ; being  the  Appendices  A,  B,  C,  D,  E,  F,  and  G, 
and  not  included  in  the  new  edition  of  Tredgold ; comprising  very  amply  illus- 
trated subjects  on  Steam  Navigation,  Steam  Vessels,  both  of  iron  and  timber  ; 
Steam  Engine  in  the  Government  Arsenal,  Woolwich ; Marine  Engines;  an  in- 
vestigation and  complete  development  of  Screw  propelling ; and  an  elaborate 
Treatise  and  detailed  Illustrations  of  the  Cornish  Engine,  &c. 

The  Engravings  are  on  a large  scale,  for  practical  use,  and  were  drawn,  ex- 
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plained,  and  corrected  under  the  direction  of  tlie  following  scientific  gentlemen ; 
Messrs.  Laird , Liverpool ; Seaward,  Limehouse ; Fairbairn;  Oliver  Lang,  H.M. 
Shipwright,  Woolwich;  William  Pitcher,  Northfleet;  Miller  & Ravenhill;  Sir 
William  Symonds,  &c.  &c. 

APPENDIX  A,  B.— Price  £1  12s.  Od. 

LIST  OF  SUBJECTS  AND  PLATES. 


Iron  steam  yacht  “Glowworm,”  constructed 
by  Mr.  J.  Laird,  Birkenhead. 

Iron  steam-ship  “ Rainbow,”  belonging  to  the 
General  Steam  Navigation  Company,  draught 
lines  at  bottom,  fore-body  to  a large  scale,  by 
Mr.  J.  Laird. 

Plans  of  the  engines  of  90  horse-power  each, 
60-inch  cylinders,  4-6  stroke,  made  by  G. 
Forrester  and  Co.,  Liverpool,  and  fitted  on 
board  the  “ Rainbow.” 

Side  elevation  and  section  of  ditto. 

Ti-ansverse  section  of  ditto. 

Draught  of  the  American  ai-med  steam-ship 
“ F^ton.”  Half  the  main  breadth,  17  feet; 
distance  between  the  water  lines,  2 feet ; fore 
and  after  body  precisely  alike. 

Plans  of  upper  and  lower  deck  of  the  Admiralty 
yacht  “ Black  Eagle,”  with  fittings,  &c. 

Plans  of  upper  and  lower  decks  of  the  iron 
steam-yacht  “ Nevka,  built  for  the  Empress 
of  Russia,  by  Messrs.  Fairbairn  and  Co. 

Draught  section,  and  lines  of  the  “ Nevka.” 


Cross  section  of  ditto,  shewing  engines,  construc- 
tion of  vessel,  and  paddles. 

Body  plans,  cross  section,  and  saloon ; shewing 
joinings,  fittings,  and  decorations. 

Mr.  John  Hague’s  12-horse  condensing  engine, 
in  operation  at  the  Arsenal  of  Woolwich : 
elevation,  with  dimensions  of  parts  and  refer- 
ences. 

Longitudinal  section,  ditto,  ditto. 

Plan,  ditto,  ditto. 

Section,  shewing  boiler,  &c.,  ditto. 

End  section,  shewing  furnace,  <fec.,  ditto. 

Mr.  Lang’s  mode  of  connecting  the  stem,  stem- 
post,  and  keel  together,  for  any  description  of 
vessel ; and  Mr.  Lang’s  method  of  framing  the 
ribs  and  keels  of  steam  vessels,  with  a plan  of 
timbers  explained,  sectional  parts  and  dimen- 
sions. 

Chapman’s  draught  lines  of  bottom,  fore  and  aft 
bodies ; and  Mr.  Whitelaw’s,  of  Glasgow,  new 
contrivances  in  the  steam-engine. 


Several  of  these  plates  are  of  a large  size,  and  useful  to  practical  men. 


APPENDIX  C. -Price  Us. 


LIST  OP  SUBJECTS  AND  PLATES. 


General  elevation  of  the  starboard  engine  and 
boilers  of  the  “ Cyclops,”  shewing  the  relative 
position  of  all  the  parts  connected  therewith. 

End  views  of  both  engines  at  the  paddle 
shaft,  with  a section  of  the  vessel  taken  at  the 
same  point,  <fec. 

Front  elevation,  section  in  elevation,  and  plans 
of  the  cylinder,  steam  nozzles,  and  slide  gear, 
with  details  of  the  excentric,  &c. 


Diflferent  views  of  the  condensing  apparatus,  feed 
and  bilge  pumps,  &c. 

Details  of  the  parallel  motion,  connecting-rod 
and  piston,  cross-head,  <fcc. 

Elevations  of  part  of  one  paddle-wheel  and 
shaft,  &c. 

Front  elevation  of  two  boilers,  <fcc. 

Transverse  sections  of  two  boilers,  &c. 

Plans  of  the  four  boilers,  &c'. 

Appendages  to  the  boilers,  &c. 


Together  with  several  details  scattered  over  the  plates. 


APPENDIX  D.— Price  10s.  Gd. 

THE  ARCHIMEDEAN  SCREW,  OR  SUBMARINE  PROPELLER,  illus- 
trated ; describing  also  the  inventions  and  experiments  on  this  important  subject. 


APPENDIX  E,  F.— Price  £1  6s. 


LIST  OP  SUBJECTS. 


West  Indian  mail  steam-packet  “ Isis,”  by  Mr. 
Pitcher,  Northfleet. 

The  “ Orion,”  Ipswich  steam-packet  vessel,  by 
Mr.  Read,  Ipswich. 

Engines  of  the  “ Isis,”  by  Messrs.  Miller  & Co. 


H.M.  Steam-frigate  of  war  “Cyclops,”  by  Sir 
Wm.  Symonds,  Surveyor  of  the  Navy. 
Engines  of  the  “ Dee  ” and  “ Solway”  West 
Indian  mail  steam-packets,  by  Messrs.  Scott, 
Sinclair,  <fc  Co. 


The  plates  are  very  large,  and  consist  of— 


Sheer  draught  and  profile  of  inboard  works  and 
after-body  of  the  Royal  mail  West  Indian 
packet  “ Isis.” 

Lines  of  bottom,  ditto. 

Plan  of  spar-deck,  shewing  Captain  Smith’s  life- 
boats. 

Plans  of  upper  and  lower  decks,  ditto. 

Midship  section,  ditto. 

Sheer  draught,  lines  of  bottom,  and  after  body 
of  the  “ Orion,”  Ipsw  ich  iron  packet. 

Plan  of  deck  of  ditto. 

Longitudinal  elevation  of  one  of  the  engines  of 
the  “ Isis.” 

End  elevation  of  ditto,  shewing  paddles,  shaft, 
and  construction  of  vessel. 


Plan  of  the  engines  of  the  “ Isis,”  together 
with  the  boilers,  engine-room,  <fec. 

Sheer  draught,  profile  of  inboard  works,  with 
lines  of  bottom,  and  after  body,  of  Her  Ma- 
jesty’s steam-frigate  “ Cyclops.” 

Plans  of  upper  and  lower  decks  of  ditto. 

Sketch  of  spars,  sails,  &c.  of  ditto. 

Transverse  section,  and  part  of  ftame-work  of 
ditto,  shewing  the  admirable  construction  of 
this  vessel. 

Longitudinal  elevation  of  one  of  the  engines  of 
the  Royal  Mail  West  India  packets  “ Dee  ” 
and  “ Solway.” 

Two  end  view's  of  ditto. 

Plan  of  ditto. 


NEW  LIST  OF  WORKS. 
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APPENDIX  G.— Price  £1  12s. 

THE  CORNISH  PUMPING  ENGINE;  designed  and  constructed  at  the  Hayle 
Copper-House  in  Cornwall,  under  the  superintendence  of  Captain  Jenkins; 
erected  and  now  on  duty  at  the  coal  mines  of  Languin,  Department  of  the  Loire 
Inferieur,  near  Nantes.  Nine  elaborate  drawings,  historically  and  scientifically 
described. 


LIST  OF  PLATES. 


Plan  of  the  eng^ines  and  boilers  ; side  elevation 
of  engine. 

End  view  of  engine  and  boilers. 

Details  of  cylinder,  nozzles,  valves,  hand-gear- 
ing, Ac. 


Details  of  air-pump,  condensers,  feed-pump,  &c. 
Ditto  boiler  and  boiler  apparatus. 

Elevation  and  sections  of  pumps  and  pit- 
work. 


The  text  in  a 4to.  volume,  and  plates  in  a large  folio  size. 
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In  imperial  quarto,  with  fine  illustrations,  extra  cloth  boards,  price  £1  5s.,  or  half- 
bound in  morocco,  price  £1  lls.  6c?. 

THE  LOG  OF  A MERCHANT  OFFICER,  Viewed  with  Refer- 
ence to  the  Education  of  Young  Officers  and  the  Youth  of  the  Merchant  Ser- 
vice. By  Robert  Methven,  Commander  in  the  Peninsula  and  Oriental  Com- 
pany’s Seiwice.  With  an  Editorial  Preface  by  Dr.  Lyon  Playfair. 

41 

USEFUL  TO  EXPERIMENTERS  AND  LECTURERS. 

A SYSTEM  OF  APPARATUS  FOR  THE  USE  OF  LEC- 
TURERS AND  EXPERIMENTERS  IN  MECHANICAL  PHILOSOPHY. 
By  the  Rev.  Robert  Willis,  F.R.S.,  Jacksonian  Professor  of  Natural  and 
Experimental  Philosophy  in  the  University  of  Cambridge.  With  three  plates, 
couLaiiiiug  fifty-one  figures.  Price  5s. 

CONTENTS. 

iRTICLE. 

1.  Introductory  Remarks. 

CHAP.  I.— WHEELS  AND  STUD- 
SOCKETS. 

2.  System  consists  of  certain  definite  parts. 

3.  Toothed-wheels  and  other  revolving  pieces. 

4.  Key-grooves. 

6.  Stud-sockets  and  Collars  (figs.  8, 10, 12.) 

Note. — Double  Socket  (fig.  9.) 

6.  Stud-sockets  of  peculiar  form  (fig.  13.1 

7.  Stud-sockets  of  peculiar  form  (fig.  11.) 

CHAP,  II.— FRAME-WORK  PIECES. 

8.  Frame -work. 

9.  Advantages  of  Studs. 

10.  Brackets  (figs.  1 to  6.) 

11.  Coach-bolts. 

Note. — Clamps  (fig.  1.) 

12.  Slit  Tables  (fig.  16.) 

13.  Sole-blocks,  (fig.  17.) 

14.  Beds  (fig.  20.J 

15.  Rectangles  (ng.  19.) 

16.  Examples  of  Frames.  Baseboard  (fig.  18.) 

17.  Stools  (figs.  23  to  26.) 

18.  Posts. 

19.  Loops  (fig.  22.) 

20.  Positions  of  the  Studs  and  Brackets. 

21.  Guide-pulleys. 

22.  Tripod-stretcher. 

CHAP.  III.— SHAFTS  AND  TUBE- 
FITTINGS. 

23.  Mounting  of  Shafts. 

24.  Shafts  in  carriages  (figs.  35,  30,  37-) 

25.  Shafts  in  Tube-fittings  (figs.  29,39.) 

26.  Shaft-rings. 


ARTICLE. 

27.  Shafts  between  centre-screws. 

28.  Adapters  (fig.  33.) 

29.  Pinned  Shaft-rings  (fig.  30.) 

30.  Flanch  (fig.  32.) 

31.  Lever  Ann  or  Handle  (fig.  34.) 

32.  Sets  of  pieces  in  definite  sizes. 

Note  on  Bolts. 

33.  Short  Shafts  in  single  bearings. 

34.  Example — Link-work  (fig.  40.) 

35.  Other  Mountings  of  short  Shafts  (fig.  21.) 

36.  Many  independent  pieces  on  a common  axis. 

37.  Example— Ferguson’s  Paradox  (fig.  41.) 

38.  Remarks. 

39.  Recapitulations. 

Note  on  Professor  Parish's  method. 

CHAP.  IV.— APPLICATIONS  OF  THE 
SYSTEM. 

40.  System  applied  to  four  purposes  (as  follows) : 

41.  1st.  Elementary  Combinations. 

Examples. 

42.  Roemer’s  Wheels  (fig.  42.) 

43.  2nd.  Models  qf  Machines. 

Examples ; 

44.  Repeating  Clock  (figs.  43,44.) 

45.  Parallel  Motion  Curves  (fig.  45.) 

46.  Equatorial  Clock  (figs.  47  to  50.) 

47.  Friction  Machine  (fig.  46.) 

48.  Models  in  which  the  general  principles  of 

the  system  are  applicable. 

49.  Looms. 

50.  Rope-making  machinery. 

51.  Organ. 

52.  3rd.  Fitting  up  of  Apparatus  foi'  Mechanical 

Philosophy  (figs.  31,  27,  28.) 

53.  Use  of  Paste-board. 

54.  Shears  (fig.  61.) 

.55.  4th.  Trial  of  original  contrivances. 


B 
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42 

FAIRBAIRN  ON  WATERWHEELS  WITH  VENTILATED 

BUCKETS.  In  4to.,  with  plates,  price  7s.  Gd. 


43 

In  4to.,  foul'  plates,  price  6s. 

DESCRIPTION,  WITH  ILLUSTRATIONS,  OF  THE  TUR- 
BINE WATER  WHEEL,  constructed  and  in  operation  at  Lowell.  Massa- 
chusets,  U.S.  By  James  B.  Fkancis,  C.  E. 

44 

In  8vo.,  cloth  boards,  price  9s. 

HYDRAULIC  FORMULA,  CO-EFFICIENTS,  & TABLES; 

for  finding  the  Lfischarge  of  Water  from  Orifices,  Notches,  Weirs,  Short  Tubes, 
Diaphragms,  Mouth-pieces,  Pipes,  Drains,  Streams,  and  Rivers.  By  John 
Neville,  Architect  and  C.  E.,  Member  Royal  Irish  Academy,  Member  Inst. 
C.  E.  Ireland,  Member  Geologieal  Soc.  Ireland,  County  Surveyor  of  Louth, 
and  of  the  County  of  the  Town  of  Drogheda. 

This  work  eontains  above  150  different  hydraulic  formulag  (the  Continental  ones 
reduced  to  English  measures),  and  the  most  extensive  and  accurate  Tables  yet 
published  for  finding  the  mean  velocity  of  discharge  from  triangular,  quadrilateral, 
and  circular  orifices,  pipes,  and  rivers ; with  experimental  results  and  co-efficients ; 
effects  of  friction ; of  the  velocity  of  approach ; and  of  curves,  bends,  contractions, 
and  expansions ; — the  best  form  of  channel ; — the  dbainage  effects  of  long 
AND  short  weirs,  AND  WEIR-BASINS ; — extent  of  back-water  from  weirs ; — con- 
tracted channels; — catchment  basins; — hydrostatic  and  hydraulic  pressure; — 
water-power,  &c.  &c.  &c. 
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PRACTICAL  AND  EXPERIMENTAL  RESEARCHES  IN 

HYDRAULICS.  By  R.  A.  Peacocke,  C.E.  In  4to,  with  plates,  price  7s.  6d. 

46 

AN  HISTORICAL  AND  SCIENTIFIC  DESCRIPTION  OF 

THE  MODE  OF  SUPPLYING  LONDON  WITH  WATER ; and  a par- 
ticular account  of  the  different  Companies  so  engaged,  with  an  exposition  of  the 
attempts  to  adopt  other  modes;  together  with  an  account  of  the  contrivances 
for  supplying  cities  in  different  ages  and  countries.  By  the  late  William 
Matthews.  In  8vo.,  with  19  plates,  in  boards,  price  9s. 
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AN  EXPERIMENTAL  ENQUIRY  CONCERNING  THE 

RELATIVE  POWER  OF,  AND  USEFUL  EFFECT  PRODUCED  BY, 
THE  CORNISH  AND  BOULTON  & WATT  PUMPING  ENGINES, 
and  Cylindrical  and  Waggon-head  Boilers.  By  Thomas  Wicksteed,  C-  E., 
Engineer  to  the  East  London  Water-Works.  In  4to.,  price  6s. 
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THE  ELABORATELY  ENGRAVED  ILLUSTRATIONS  OF 
THE  CORNISH  AND  BOULTON  & WATT  ENGINES  erected  at  the 
East  London  Water-Works,  Old  Ford.  By  Thomas  Wicksteed,  C.  E. 


1.  Side  elevation  of  the  engine,  pump,  and  stand 

pipe,  with  longitudinal  section  of  the  engine- 
house. 

2.  Longitudinal  section  of  the  engine,  &c.,  on 

an  enlarged  scale. 


Plan  of  the  boiler-house  and  four  cylindrical 
boilers,  two  of  which,  together  with  the 
warming  tube,  are  shewn  in  section.  Plan 
of  the  engine-house  and  engine,  with  pump 
and  stand  pipe.  Longitudinal  section  of  the 
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cabiract  for  opening  the  equilibrium  valve. 
Elevation  of  ditto  for  opening  the  e.xhaus- 
tion  and  steam  valves. 

4.  Front  elevation  of  the  face  of  the  boilers,  a 
cross  section  of  the  foui‘  boilers  and  the 


wanning  tube,  shewing  the  side  and  bottom 
flues,  the  bridge,  lire-bars,  and  descending 
flues  to  bottom  flue.  Longitudinal  section  of 
one  boiler  and  bottom  flue,  shewing  the 
end  and  main  flues  in  cross  section,  (Ssc. 


BOULTON  AND  WATT  ENGINE. 


1.  General  elevation  of  the  engine,  main  pump, 

air  vessel,  &c.,  with  longitudinal  section  of 
the  en^ne-house  aud  well.  Elevation  of 
the  cjlinder,  air-pump,  and  condenser,  with 
transverse  section  of  the  engine-house 
through  the  cold  water  cistern. 

2.  Longitudinal  section  of  the  engine-house 

and  engine,  main  pump,  air  vessel,  &c.,  to 
an  enlarged  scale. 


3.  Plan  of  the  boUcr-house  and  two  boilers, 

shewing  the  grates  and  seating  of  one  boiler 
and  section  of  another  through  the  internal 
flue.  Plan  of  the  engine-house  and  engine, 
with  pump,  air  vessel,  <fcc. 

4.  Longitudinal  section  of  the  boiler-house  and 

one  boiler.  Transverse  section  of  the 
boiler-house,  with  transverse  section  of 
one  boiler  and  front  elevation  of  the  face 
of  the  other,  with  Stanley’s  flre-feeder. 


Eight  large  atlas  folio  very  fine  line  engravings,  by  Gladwin,  from  elaborate 
drawings  made  expressly  by  Mr.  Wioksteed  ; in  a wrapper  folio,  together  with  a 
4to.  explanation  of  the  plates,  containing  an  engraving,  by  Lowry,  of  Harvey 
and  West’s  patent  pump-valve,  with  specification,  price  £2  2s. 
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CORNISH  PUMPING  ENGINE:  designed  and  constmeted 

at  the  Hayle  Copper-House  in  Cornwall,  under  the  superintendence  of  Captain 
Jenkins  ; erected  and  now  on  duty  at  the  coal  mines  of  Languin,  Department 
of  the  Loire  Inferieur,  near  Nantes.  Nine  elaborate  Drawings.  Historieally 
and  scientifically  desciibed.  By  William  Pole,  F.R.Ast.S.,  Assoc.  Inst. 
C.  E.,  &c. 

LIST  OF  PLATES. 


Plan  of  the  engine  and  boilers ; side  elevation 
of  engine. 

End  view  of  engine  and  boilers. 

Details  of  cylinder,  nozzles,  valves,  hand-gear- 
ing, Ac. 


Details  of  air-pump,  condensers,  feed-pump, 
Ac. 

Ditto  boiler  and  boiler  apparatus. 

Elevation  and  sections  of  pumps  and  pit- 
work. 


The  text  in  a 4to.  volume,  and  plates  in  a large  folio  size,  price  £1  12s. 
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AN  ANALYTICAL  INVESTIGATION  OF  THE  ACTION  OF 

THE  CORNISH  PUMPING  ENGINE.  By  William  Pole,  C.E.,  Fellow  of 
the  Royal  Astronomical  Society,  Associate  of  the  Institution  of  Civil  Engineers. 
This,  the  Third  Part,  completes  the  ‘ Treatise  on  the  Cornish  Pumping  Engine.’ 
In  4to.,  with  a plate,  price  10s.  Qd. — Parts  I.  and  II.  may  also  be  had. 
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HEDLEY’S  (JOHN)  PRACTICAL  TREATISE  ON  THE 
WORKING  AND  VENTILATION  OF  COAL  MINES,  with  suggestions 
for  improvement  in  Mining.  Royal  octavo,  plates  and  wood-cuts,  price  12s.  M. 
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In  4 vols.  royal  8vo.,  bound  in  3 vols.  half  morocco,  price  £4  10s.  ; or  the  Plates 
printed  in  a superior  and  more  convenient  form,  very  neatly  bound  in  atlas  folio, 
price  £5  15s.  fid. 

THE  THEORY,  PRACTICE,  AND  ARCHITECTURE  OF 

BRIDGES  of  Stone,  Iron,  Timber,  and  Wire ; with  Examples  on  the  Principle 
of  Suspension : Illustrated  by  138  Engravings  and  92  Wood-cuts. 

DIVISIONS  OP  THE  WORK. 

Theory  of  Bridges.  By  James  Hann,  King’s  College,  London, 

General  Principles  of  Construction,  &c.  Translated  from  Gauthey. 

Theory  of  the  Arch,  &c.  By  Professor  Moseley,  late  of  King’s  College,  London. 
Papers  on  Foundations.  By  T.  Hughes,  C.E. 
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Account  of  Hutcheson  Bridge,  Gdasgow,  with  Bi)ecifica(ioii,  By  lUihcrfc 
Stevenson,  C.E. 

Mathematical  Principles  of  Dredge’s  Suspension  Bridge. 

Essay  and  Treatises  on  the  Practice  and  Architecture  of  Bridges.  By 

William  Hosking,  F.S.A.,  Architect,  and  C.E. 

Specification  of  Chester  Dee  Bridge. 

Practical  Description  of  the  ’J’imber  Bridges,  &c.  on  the  Utica  and  Syra- 
cuse Railroad,  U.S.  By  B.  F.  Isherwood,  C.E.,  New  York. 

Description  of  the  Plates — General  Index,  &c.,  &c.,  &c. 
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1.  Centering  of  Ballater  Bridge,  across  the 
River  Dee,  Aberdeenshire. 

2.  Town’s  American  Timber  Bridge,  details. 

3.  Do.,  sections. 

4.  Do.  do. 

5.  Ladykirk  and  Norham  Timber  Bridge  over 
the  River  Tweed,  by  John  Blackmore, 
Engineer. 

6.  Timber  Bridge  over  the  Clyde  at  Glasgow, 
by  Robert  Stevenson,  Glasgow. 

7.  Elevation  of  arch  of  do. 

8.  Transverse  section  of  do. 

9.  Section  of  foot-path  on  line  do.,  &c. 

10.  Occupation  Bridge  over  the  Calder  and 
Hebble  Navigation,  Yorkshire,  by  William 
Bull,  Engineer. 

11.  Newcastle,  North  Shields,  and  Tynemouth 
Railway  Viaduct  across  Willington  Dean. 
J.  and  B.  Green,  Engineers,  plans  and 
elevations. 

12.  Do.,  do. 

13.  Do.,  sections. 

14.  Newcastle,  North  Shields,  and  Tynemouth 
Railway  Viaduct  across  Ouse  Burn  Dean, 
plan  and  elevation. 

15.  Do.,  do. 

16.  Isometrical  view  of  the  Upper  Wooden 
Bridge  at  Elysville  over  the  Patapsco  River 
on  the  Baltimore  and  Ohio  Railroad. 

17.  Elevation  and  plan  of  do. 

18.  Sections  of  do. 

19.  Longitudinal  section  under  the  central  arch- 
way of  Old  London  Bridge,  shewing  the 
sunk  weir  recommended  by  Mr.  Smeaton  to 
hold  the  water  up  for  the  benefit  of  the 
water-works,  &c.,  in  1763;  sections  of  the 
same. 

20.  Plan  and  elevation  of  the  Timber  Bridge 
for  Westminster,  as  designed  by  J.  Wesley. 

21.  Half-elevation  of  Timber  Bridge  for  West- 
minster, as  designed  by  James  King. 

22.  Westminster  Timber  Bridge  adapted  to  the 
stone  piers,  by  C.  Labelye,  Engineer. 

23.  One  of  the  river  ribs  of  the  centre  on  which 
the  middle  arch  of  Westminster  Bridge  was 
turned,  extending  76  feet,  designed  and  ex- 
ecuted by  James  King. 

24.  Long  elevation  and  plan  of  Westminster 
Bridge. 

25.  Elevation  of  the  Foot  Bridge  over  the 
WTiitadder,  at  Abbey  St.  Bathan’s. 

26.  Weymouth  Bridge,  elevation  and  plan. 

27.  Very  long  elevation  of  Hutcheson  Bridge, 
Glasgow,  designed  and  completed  by  Robert 
Stevenson,  C.E. 

28.  Longitudinal  section  of  do.,  shewing  the 
progress  of  the  works  in  1832. 

29.  Cross  section  of  do.,  shewing  the  building 
apparatus  and  centre  frames. 

30.  Cross  section  of  ditto. 

31.  Plan  of  southern  abutment  of  do. 

32.  Section  of  abutments  of  do. 

33.  Toll-houses  of  do. 

34.  Bridge  of  the  Schuylkill  at  Market  Street, 
Philadelphia. 

35.  Details  of  do. 

36.  Plan  of  the  wood-work  in  the  starling  of 
the  small  piers  of  Chepstow  Bridge. 
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large  piers. 

38.  Details  of  Chepstow  Bridge. 

39.  Plan,  elevation,  and  sections  of  the  central 
arch  of  London  Bridge. 

40.  London  and  Croydon  Railway  Bridge  on 
road  from  Croydon  to  Sydenham,  plans, 
elevations,  and  sections. 

41.  London  and  Croydon  Railway  Bridge  on 
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42.  London  and  Croydon  Railway  Bridge  at 
Sydenham,  do. 

43.  Elevation  of  the  Victoria  Bridge  built  over 
the  valley  of  the  River  Wear,  on  the  line 
of  the  Durham  Junction  Railway. 

44.  Elevation  of  Chepstow  Bridge. 

45.  Plan  shewing  the  piling  and  timber  founda- 
tions of  one  of  the  large  piers  of  Chepstow 
Bridge. 

46.  Plan  of  pier,  elevation  of  do. 

47.  Enlarged  section  of  one  of  the  piers  of  do. 

48.  Newcastle  and  Carlisle  Railway  Bridge  over 
the  River  Tyne  at  Scotswood,  by  John 
Blackmore,  Engineer,  plan  and  elevation. 

49.  Sections  of  do. 

50.  Details  of  do. 

51.  Elevation  and  plan  of  the  Bridge  over  the 
River  Eden  at  Carlisle,  by  Sir  Robert 
Smirke,  Architect. 

62.  Elevation  of  one  of  the  arches,  with  a pier, 
and  the  north  abutment. 

52a.  The  centering  used  for  the  arches  of  do. 

53.  Plan  and  elevation  of  the  Bridge  erected 
over  the  Thames  at  Staines. 

54.  Elevation  and  plans  of  the  Wellesley  Bridge 
at  Limerick. 

55.  Elevation  of  pier  and  half  arch,  with  longi- 
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56.  Bridge  of  Jena,  plan  and  elevation. 
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ments, retaining  walls,  &c. 

58.  Elevation  of  the  Devil’s  Bridge  over  the 
Serchio,  near  Lucca,  Italy;  plan,  elevation, 
and  cross  section. 

59.  Bridge  across  the  River  Forth  at  Stirling, 
by  R.  Stevenson,  elevation. 

60.  Longitudinal  section  of  the  same. 

61.  Timber  Bridge  on  the  Utica  and  Syracuse 
Railway,  United  States,  spans  of  40  and 
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62.  Do.,  span  of  60  feet. 

63.  Do.,  elevation,  plan,  and  cross  section,  span 
of  88  feet. 

63a.  Do.,  isometrical  projection. 

64.  Do.,  plan,  elevation,  and  cross  section,  sp-m 
of  84  feet. 

64a.  Do.,  span  of  82  feet. 

65.  Abutment  for  a bridge  of  82  feet  sp.an  over 
the  Oneida  Creek. 

66.  Trestle  Bridge,  Oneida  Creek  Valley,  span 
of  29  feet. 
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67.  Do.,  elevation  of  span  of  100  feet. 

67«.  Do.,  isomctrical  projection  of  truss,  con- 

ne.xion  of  iloor  beanas,  and  cross  section. 

68.  Trestle  Bridge,  Onondaga  Creek  Valley, 
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70c.  Do. 

70d.  Do. 

70e.  Do. 
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70p.  Viaduct  under  Eric  Canal. 

71.  Remains  of  the  bridge  over  the  River  Adda,  i 
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72.  Ely  Iron  Bridge,  near  Cathedral. 

73.  Details  of  do. 

74.  Details  of  do. 

75.  Details  of  do. 

76.  Haddlesey  Bridge,  over  the  River  Aire, 
Yorkshire,  details  of  the  iron  work 

77.  Do. 

78.  Do. 

79.  Do. 

80.  Do.,  sections  of  structure. 

81.  Do.,  plan,  iron  balustrades,  &c. 

82.  Haddlesey  Bridge,  over  the  River  Aire, 
Yorkshire,  details. 

83.  Do.,  elevations. 

84.  London  and  Blackwall  Railway  Bridge,  over 
the  Lea  Cut,  elevation  and  plan. 

85.  Do.,  sections  and  details. 

86.  Do.,  sections,  enlarged  view  of  railing. 

87.  Isometrical  projection  of  the  Suspension 
Bridge  at  Balloch  Ferry,  constructed  on 
Mr.  Dredge’s  principle. 

88.  Perronet’s  design  for  the  bridge  over  the 
Seine  at  Melun,  sections,  &c 
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tive detail. 
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91.  Do. 

92.  Longitudinal  and  transverse  sections  of  Cast 
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93.  Longitudinal  section  and  transverse  do,, 
plan  of  turning  plate  and  roller  frame,  plan 
of  bed  plate  of  Cast  Iron  Swing  Bridge. 

91.  Elevation  and  plan  of  Cast  Iron  Swing 
Bridge,  Plymouth, 

95 . Gerrard’s  Hostel  Bridge,Cambridge,  erected 
by  the  Butterley  Company,  W.  C.  Mylne, 
Engineer,  elevation  and  plan. 


I 96.  Do.,  sections  and  details  of  do. 

97.  Do.,  transverse  section  of  do. 

98.  Fribourg  Suspension  Bridge,  general  eleva- 
tion, with  a section  of  the  Valley  of  the 
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general  plan,  ends  of  the  main  piers,  with 
the  approaches  enlarged,  &c. 

99.  Do.,  sections  and  details  of  do. 

100.  Do.  do. 

100a.  Do.  do. 

101.  Professor  Moseley's  diagrams  of  the  Arch. 

102.  Do. 

103.  Do. 

104.  Robert  Stevenson’s  elevation  of  a Chain 
Bridge  upon  the  Catenarian  principle. 

105.  Do.,  plan  and  section  of  do. 

106.  Do.,  longitudinal  section. 

107.  Do.,  sections,  back  of  arched  accesses; 
plan  of  pier,  shewing  the  cables,  &c. 

108.  Elevation  and  plan  of  Darlaston  Bridge, 
Staffordshire. 

109.  Longitudinal  and  transverse  sections  of  do. 

1 1 0.  Centering  for  do. 

111.  Half-elevation,  sections,  and  details  of 
Bascule  Iron  Bridge  for  Wellesley  Dock 
Works. 

112.  Plan  of  do.,  sections,  &c. 

113.  OuseValley  Viaduct,  London  and  Brighton 
Railway,  longitudinal  section,  section  of 
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113a.  Elevation  of  north  abutment  and  eight 
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114.  Transverse  section  through  centre  arch 
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115.  Plan  of  superstructure,  plan  of  foundations, 
transverse  section  through  relieving  ai'ches 
of  do. 

116.  Details  of  do. 

117-  Plan  of  Swivel  Bridge,  shewing  ribs,  wind- 
lass, &c. 

118.  Elevation  of  front  rib,  shewing  sections, 
falling  handrails,  &c. ; longitudinal  section, 
cross  sections,  <fcc.,  of  do. 

119.  Cast  iron  Swivel  Bridge  on  the  Newry 
Canal,  half-elevation,  plan,  transverse  sec- 
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elevation,  plan,  and  several  details. 
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elevation,  plan,  sections,  and  details. 
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ARCHITECTURE  OF  BRIDGES  OF  STONE,  IRON,  TIMBER,  WIRE, 
AND  SUSPENSION.” 
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and  measured  dimensions,  in  Pails  as  follows : 
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Cast-iron  Girder  Bridge,  Ashford,  Rye  and 
Hastings  Railway. 

Details,  do. 

Elevation  and  plan  of  truss  of  St.Mary's  Viaduct, 
Cheltenham  Railway. 

Iron  road  bridge  over  the  Railway  at  Chalk 
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Viaduct  at  Bcaugcncy,  Orleans  and  Tours  Rail- 
way. 
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Oblique  cast-iron  briclRe,  on  the  systom  of 
M.  Polonceau,  over  the  Canal  8t.  Denis. 

lllackwall  Extension  Railway,  Commercial 
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with  details. 

Do.,  details. 
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Do.,  details. 
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over  the  water  of  Ayr. 

Do.,  sections  and  details. 
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Transverse  section  of  coffer-dam,  plan  of  the 
1st  course,  and  No,  3 pier. 

Vertical  section  of  Nos.  2 and  3 piers,  shewing 
vertical  bond-stones. 

Vertical  cross  section  of  do. 

Front  elevation  of  Nos.  2 and  3 piers. 

End  elevation  of  do. 

Details  of  chains. 

Do, 

Do.  and  plan  of  nut,  bolt,  and  retaining -links. 

Phm  and  elevation  of  roller-frames. 

Elevation  and  section  of  main  blocks  for  raising 
the  chains. 

Do.,  longitudinal  section  of  fixture  pier,  shewing 
tunnel  for  chains. 

Plan  and  elevation  of  retaining- plates,  shewing 
machine  for  boring  holes  for  retaining-bars. 

Retaining  link  and  bar. 

Longitudinal  plan  and  elevation  of  cast-iron 
beam  with  truss  columns. 

Longitudinal  elevation  and  section  of  trussing,  &c. 

Plan  of  pier  at  level  of  footpath. 

Detail  of  cantilevers  for  supporting  the  balconies 
round  the  towers. 

Elevation  and  section  of  cantilevers. 

Detail  of  key  -stone  and  Hungarian  arms. 

Front  elevation  of  toll-houses  and  wing  walls. 

Lonptudinal  elevation  of  toll- house,  fixture  pier, 
wing  wall,  and  pedestal. 

Vertical  section  of  retaining-piers. 

Section  at  end  of  fixture  pier,  shewing  chain- 
holes. 

Lamp  and  pedestal  at  entrance  of  bridge. 

Lamp  and  pedestal  at  end  of  wing  walls. 
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Separately  sold  from  the  above  in  a volume,  price  half-bound  in  morocco  £1  12s. 

AN  ACCOUNT,  with  ILLUSTRATIONS,  of  the  SUSPENSION 

BRIDGE  ACROSS  THE  RIVER  DANUBE.  By  William  Tierney  Clark, 
C.E.,  F.R.S.  With  Forty  Engravings. 
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BRIDGE. — A large  magnificent  plate,  3 feet  6 inches  by  2 feet,  on  a 
scale  of  25  feet  to  an  inch,  of  LONDON  BRIDGE ; containing  plan  and  eleva- 
tion of  this  great  national  work,  with  the  very  interesting  reference  of  dimensions, 
materials,  time,  and  cost ; engraved  in  the  best  style,  and  elaborately  finished 
by  J.  W.  Lowry,  from  original  dravrings  and  admeasurements.  Constructed  by 
Sir  John  Rennie,  C.E.,  F.E.S. — Price  £1  Is. 

56 

BRIDGE. — Plan  and  elevation,  on  a scale  of  10  feet  to  an  inch,  of 
STAINES  BRIDGE;  a fine  engraving  by  J.  H.  Le  Keux,  made  from  the 
original  drawings  and  admeasurements,  with  permission  of  George  Rennie,  Esq., 
F.R.S.,  the  Engineer. —Price  10s. 
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PAPERS  ON  CIVIL  ENGINEERING,  collected  and  published  by  Mr.  Weale. 

In  6 vols.  medium  4to.  with  numerous  elaborately  engraved  Plates. — Price  £7  7s- 

PAPERS  ON  ENGINEERING,  comprising  useful  papers  on 

civil  and  mechanical  engineering,  and  the  biography  of  some  Engineers, 
among  which  will  be  found  memoirs  of  James  Brindley,  'William  Chapman, 
Samuel  Clegg,  and  William  Jessop  ; — papers  on  atmospheric  and  other 
railways,  on  steam  engines,  locomotive  engines,  and  Cornish  pumping  cnginc-s 
on  dredging  machines ; on  docks,  harbours,  jetties,  piers,  breakwaters,  imd 
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liavens  of  safety ; progress  of  the  Thames  tunnel,  accidents,  remedies,  &c. ; 
engineering  of  the  United  States  and  Holland  ; iron  roof  to  the  new  Houses 
of  Parliament ; on  the  manufactur-e  of  bricks  and  tiles  ; on  slate  quarries ; 
on  suspension  and  other  bridges;  on  inventions  and  patents;  on  water-wheels 
and  supply  of  water,  and  on  hydraulics ; on  drainage,  &c.,  &c. 

The  Work  complete  in  6 volumes  elegantly  half-bound  in  red  morocco, 
price  £8  18s.  6rf. 

*»*  But  very  few  complete  copies  of  this  work  now  remain  on  hand ; a large  portion  of  the  stock 
having  been  destroyed  by  tire  at  the  warehouse  of  a Bookbinder,  who  had  the  care  of  it  for 
coUatiou. 

A few  Copies  of  the  following  volumes  may  be  had  separately : 

Vol.  1.  (or  Parts  I.  and  II.  of  the  work),  in  boards,  price  18s.,  or  24s.  in  half- 
morocco,  containing 

Memoir  of  James  Brindley,  with  portrait. 

William  Chapman,  with  portrait. 

On  dredging  machinery,  with  elaborate  plates. 

Engines  of  the  Russian  steam  frigate  of  war  Kamschatka,  with  phites. 

Gill’s  improvements  of  the  steam  engine. 

Simms  on  the  setting  out  the  widths  of  ground  required  for  the  works  of  a 
railway  or  canal. 

IMemoii’  of  William  Jessop,  with  portrait. 

Captain  Vetch’s  advantages  of  employing  a frame-work  of  malleable  iron  in 
the  constmetion  of  jetties  and  breakwaters,  with  plates. 

Vol.  VI.  (ov  Paits  XI.  and  XII.  of  the  work),  price  £1  11s.  Gd.  in  boards ; 
£1  16s.  in  half-morocco,  containing 

Mallet’s  principles  and  practice  of  the  application  of  water-power — Report  on 
the  Dodder  reservoirs — Description  of  theBann  Reservoirs. — Very  important 
plates. 

Gouin  and  Le  Chatelier’s  experiments  on  locombtive  engines,  with  plates. 
General  Sir  S.  Bentham’s  first  introduction  of  steam  engines  into  naval 
arsenals. 

mode  of  forming  foundations  under  water  and  on 

bad  ground. 

on  the  improvement  of  the  River  Medway  and  of 

the  Port  and  Arsenal  of  Chatham. 

on  the  Improvement  of  Portsmouth  Harbour. 

Pole’s  analytical  investigation  of  the  action  of  the  Cornish  pumping-engine. 

On  water-wheels,  by  Wm.  Fairbairn,  C.E. 

58 

JONES’S  (SIR  JOHN)  JOURNAL  OF  THE  SIEGES  carried 

on  by  the  Aimy  under  the  Duke  of  Wellington  in  Spain,  between  the  years 
1811  and  1814,  with  an  account  of  the  Lines  of  Torres  Vedi’as.  By  Major-Gen. 
Sin  John  T.  Jones,  Bart.,  K.C.B.  Third  edition,  enlarged  and  edited  by 
Brigadier-General  HAnny  D.  Jones,  R.E.  In  3 vols.  8vo.,  with  twenty-six 
elaborate  plates,  cloth  boards,  price  £2  2s. 
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HUMFREY’S  (Lieut.-Col.)  ESSAY  on  the  MODERN  SYSTEM 

of  FORTIFICATION  adopted  on  the  Rhine  and  Danube,  and  followed  in  all 
the  works  constructed  since  the  Peace  of  1815  in  Germany.  A Memoir  on 
the  Fortress  of  Coblentz;,  and  accompanied  by  plans  and  sections  of  the  works 
of  that  place.  In  I vol.  royal  8vo,,  price  7s.  Gd.  in  boards. 
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THE  AIDE-MEMOIRE  TO  THE  MILITARY  SCIENCES, 

ranied  from  Contributions  of  Officers  of  the  different  Services,  and  edited  by  a 
Committee  of  the  Corps  of  Royal  Engineers.  The  work  is  now  completed, 
and  sold  in  3 vols.  in  extra  cloth  boards,  and  lettered,  price  £4  10s. ; or  in  6 
parts,  at  the  following  Prices  ; 


Part  I.  A.  to  D.,  new  edition 

II.  D to  F. 

III.  F.  to  M. 

IV.  M to  P. 

V.  P.  to  R.  . . 

VI.  R.  to  Z. 


£ s,  d. 
. 0 14  0 
. 0 16  0 
. 0 16  0 
. 0 14  0 
. 0 16  0 
.10  0 


4 16  0 

The  subjects  amply  and  practically  treated  of  are  as  follows : 

PART  A.  B.  C. 


SKETCH  OF  THE  SCIENCE  AND  ART  OF  WAR. 


Abattis. 

Ammunition. 

Anemometer. 

Anti-Corrosion. 

Artillery. 

Attack  of  Fortresses  and  Posts. 

Appendix — Assault. 
Barometer. 

Barricade. 

Barrier. 

Battery. 

Blindage. 

Block. 

Blockade,  Military. 
Blockhouse. 

Boat. 


Dam,  temporary. 

Defence  of  buildings  and  vil- 
lages. 

Defensive  elements. 

Defence  of  fortresses. 
Defensive  precautions. 

Defence  ot  coasts. 

Defilade. 

Demolition  of  works  and  build- 
ings. 

Demolition  of  artillery. 
Depression  carriages. 

Derrick  (sheers,  &c.) 

Dialling. 

Disembarkation  and  embark- 
ation. 


Bombardment. 

Boom. 

Breach. 

Bridge,  Field. 

Pontoon. 

Boat. 

Rope. 

Boat  and  Rope. 

■ Cask. 

Trestle. 

Raft. 

Pile  and  Spar. 

Flying,  Swing. 

Flying,  Trail. 

Reconstruction  of. 

Field,  Demolition  of. 

PART  D.  E.  F. 

Diving  dress  and  apparatus. 
Draining. 

Electricity : 

Lightning  conductor. 
Electrotype. 

Explosion  of  gunpowder. 
Electric  telegraph. 
Elephant. 

Embarkation. 

Engineer,  military. 

civil. 

Epaulement. 

Eprouvette. 

Equipment  of  Artillery. 

Engineer. 


Bridge,Masonry, Demolition  of. 
BufifMo. 

Bullock. 

Cable,  Chain. 

■ Hemp. 

Camel. 

Camp,  Intrenched. 

Caponifere. 

Capstan,  Field. 

Carriages  (Land  & Sea  Service.) 
Castrametation. 
Chevaux-de-Frize. 
Combustion,  Spontaneous. 
Command. 

Compass. 

Contouring. 


Equipment,  Naval. 

American. 

Musket-baB  Car- 

' tridge. 

Escal^e. 

Evolutions  of  infantry. 

■ ■-  artillery. 

— — cavalry. 

Fascine 

Field  sketching. 

Fire,  vertical.  * 

precautions  against. 

cart. 

Forage,  bulk  and  weight  of. 
Ford. 


PART  F.  G.  H.  I.  K.  L.  M. 


Fortification,  field. 

Fort,  permanent. 

field. 

Fortress,  permanent. 
Fortresses,  field,  or  places  du 
moment 
Forts,  detached. 

Fortification,  pei-manent. 

„ ,,  Coehom’s  system. 

,,  ,,  Bastion  do. 

„ ,,  Montalembcrt’s  do. 

„ „ Carnot's  do. 

„ „ German  do. 

,,  ,,  relative  value  of. 

Fuugass. 


Fraise. 

Furnace,  shot. 

Fuze  for  mines. 

Gabion. 

Galvanism. 

Geognosy  and  Geology. 
Grenade. 

Guard-house,  defensible. 
Gueritc. 

Gun  cotton. 

Gunner. 

Gunnery. 

Gunpowder. 

Heat. 


Horse. 

Hurdle. 

Hut. 

Ice. 

Kyanizing  and  Bumettizing. 
Laboratory. 

Levelling. 

Loophole. 

Machicoulis. 

Magazine. 

Manoeuvres  of  cavalry. 

horse  artillery. 

Mantlet. 

Marine  artillery. 
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Meteorolo^. 

Mining,  military : Part  i. 

Part  II.  Practical  operations. 

III.  Charges  of  mines. 

IV.  Counter  or  defensive 

mines. 

V.  Attack  and  defence 

of  countermines. 
Appendix  i.  Mines  for  field 
service. 

II.  On  breaching 
experiments. 

III.  On  ventilation. 


Palaiontology. 

Palisade. — Parapet. 
Passage  of  rivers. 
Penetration  of  projectiles. 
Petard. 

Planting  trees. 
Point-blank. 

Pontoon. 

Position,  military. 


PART  M.  N.  O.  P. 

Mountain  artillery. 

Mountain  barometer. 

Mule  for  burden. 

Musket. 

Musketry  fire  and  practice. 
Observatory , astronomical : — 
Part  I. 

Part  II.  Chronometers,  Ac. 

III.  Portable  observato- 
ries. 

IV.  Astronomical  instru- 

ments. 

Observatory,  magnetical. 


PART  P.  Q.  R. 

Parti.  Military  operations, 
and  the  construction 
of  temporary  bridges. 
Position,  retrenched. 

Prisons,  military : discipline 
and  management. 
Pyrotechny,  military. 

Quarry. 

Quartering  of  troops. 


Appendix : — On  the  books 
and  forms  used. 

Ordnance,  British. 

construction  of. 

Part  I.  Casting  of  iron  ord- 
nance. 

II.  Brass  do. 

III.  Machinery,  Wool- 

wich. 

Ordnance  Department. 

Oven,  field. 

permanent. 

Pah. 

Palanque, 


Part  II.  Pemanent  bridges. 
III.  Ditto. 

Pendulum. 

Railway. 

Reconnoitring. 

Reports,  military. 

River  and  inland  navigation. 
Roads ; 

Part  I.  Tracing  and  construc- 
tion. 


PART  R.  S.  T.  V.  W.  Z. 


Roads  : 

Part  II.  Maintenance  of  Mac- 
adamized roads. 
Rocket  artillery. 

Sanitary  precautions : 

I.  Fever  as  an  army  disease. 

II.  Cholera. 

Sap. 

Shrapnell  shells,  or  spherical 
case. 

Shot  garlands. 

Siege  operations  in  India. 

irregular. 

and  engineer  equipment. 

Sod -work. 

Staff. 

Statistics. 

Steam  engine. 

locomotive  : 

I.  On  the  consumption  of 


fuel  and  the  evaporation 
of  water. 

II.  Resistances  to  Railway 
Trains. 

III.  Qualifications  of  Engine 
Drivers  and  Fire-men. 

IV.  Description  of  the  Lord 
OF  THE  Isles  and  the 
Liverpool  locomotive  en- 
gines. 

V.  The  Locomotive  Engine 
Boiler. 

Stockade. 

Street  fighting. 

Surveying ; 

Trigonometrical  survey. 

Ordnance  survey  of  Great 
Britain  and  Ireland. 

Swimming. 

Tactics  of  three  arms. 

Tambour. 


Telegraph,  field. 

— ' - — universal. 

Tdte  de  pont. 

Trous  de  loup. 

Voltaic  electricity; 

I.  Invention  of  the  electric 
telegraph. 

II.  Transmission  of  electri- 
city to  a distant  place. 

III.  Patents  granted  prior  to 
the  year  1838. 

IV.  Various  telegraphs  in  use 
in  England. 

The  submarine  telegraph. 
Water  meadows,  or  ii'rigation  : 
I.  Historical  sketch. 

II.  Machines  for  raising  water. 
Water  supply. 

Water-wheels. 

Weather. 

Wells. 

Zig-zag. 


Index,  and  List  of  Conteibdtobs. 
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PAPERS  on  SUBJECTS  CONNECTED  with  the  DUTIES 
OF  THE  CORPS  OF  ROYAL  ENGINEERS.  Vol.  I.  In  4to.,  2nd  edition, 
with  plates  and  wood-cuts,  extra  cloth  boards,  price  16s. 

VOLUME  II. 

In  4to.,  2nd  edition,  with  plates  and  wood-outs,  extra  cloth  boards,  price  £1  6s. 

VOLUME  III. 

In  4to.,  with  several  plates  and  wood-cuts,  extra  cloth  boards,  piicc  £1  5s. 

VOLUME  IV. 

In  4to.,  with  30  plates  and  numerous  wood-cuts,  extra  cloth  boards,  price  £l 

VOLUME  V. 

In  4to.,  60  plates  and  numerous  ivood-cuts,  extra  cloth  boards,  price  £l  16s. 

VOLUME  VI. 

In  Ito.,  with  62  elaborate  and  fine  plates,  and  30  wood-cuts,  extra  cloth  boards, 

price  £1  16s. 
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VOLUME  VII. 

In  4to  , wiLli  i)latcs  and  wood-cuts,  extra  clotli  boards,  price  £l  lUs, 

VOLUME  VIII. 

In  4to.,  with  plates  and  wood-cuts,  extra  cloth  boards,  price  £1  10s. 

VOLUME  IX. 

In  4to.,  with  plates  and  wood-cuts,  extra  cloth  boards,  price  £1  IGs. 

VOLUME  X. 

In  4to.,  with  85  plates  and  illustrative  wood-cuts,  extra  cloth  boards 

price  £l  10s.  ’ 

The  complete  work  in  10  vols.,  4to.,  containing  upwards  of  500  illustrations  in 

extra  cloth  boards,  price  £14  12s.  ’ 
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In  8vo.,  plates,  cloth  boards,  price,  7s.  6d. 

THE  CONSERVATION  AND  IMPROVEMENT  OF  TIDAL 

RIVERS,  considered  principally  with  reference  to  their  Tidal  and  Fluvial 
Powers.  By  Edward  Killwick  Calveb,  R.N.,  Admiralty  Surveyor. 
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COMPLETION  OF  SIR  JOHN  RENNIE’S  WORK  ON 
THE  THEORY,  FORMATION,  AND  CONSTRUCTION  OF  BRITISH 
AND  FOREIGN  HARBOURS,  DOCKS,  AND  NAVAL  ARSENALS. 


This  great  work  may  now  be  had  complete.  Twenty  Parts  and  Supplement, 
price  £16.  Bound  in  very  neat  half  morocco,  gilt  tops,  price  £18.  It  is 
handsomely  printed  in  columbier  folio,  and  illustrated  with  one  hundred  and 
TWENTY-THREE  ENGRAVINGS,  Comprising  plans  and  details  of  every  description 
of  the  most  celebrated  British  and  Foreign  Docks,  Harbours,  and  Naval 
Arsenals  or  Dockyards,  from  the  earliest  period  to  the  present  time,  including 
all  recent  improvements,  which  cannot  fail  to  command  the  attention  of  every 
Maritime  Nation,  and  more  particularly  that  of  Great  Britain. 

The  leading  characteristics  of  this  publication,  derived  from  a large  collection 
of  documents  inherited  by  the  Author  from  his  father,  the  late  1^.  Rennif, 
in  addition  to  many  others  resulting  from  his  own  extensive  professional 
experience  both  at  home  and  abroad,  and  contributions  from  the  most  dis- 
tinguished British  and  Foreign  Engineers,  and  in  all  cases  from  the  most 
authentic  and  hitherto  inaccessible  sources  of  information,  vill  be  best  explained 
by  the  following  extracts  from  the  Preface. 

“ Of  the  importance  of  the  subject  there  can  Ije  no  doubt,  for  we  find  from  the  earliest  ages, 
that  the  nations  holding  the  command  of  the  sea  were  generally  the  most  powerful,  and  studied 
with  the  greatest  care  the  art  of  preserving  and  improving  their  Harbours.  As  an  example  we 
may  mention  the  Phoenicians,  who,  from  merely  possessing  a narrow  strip  of  barren  land  along 
the  coast  of  Syria,  became  the  most  wealthy  and  the  greatest  of  nations,  and  were  only  subdued 
after  a long- continued  and  desperate  struggle  by  Alexander,  who  was  compelled  to  bring  the 
whole  power  of  the  East,  or  it  may  be  said  of  the  world,  to  vanquish  them.  Again,  the  Greeks, 
hy  their  command  of  the  sea,  maintained  their  independence  with  a mere  handful  of  men  against 
the  millions  of  Xerxes.  Again,  the  Carthaginians  made  head  against  and  almost  conquered  the 
mighty  Romans,  who  only  recovered  their  ascendancy,  and  ultimately  overwhelmed  their  formi- 
dable adversary,  by  acquiring  the  command  of  the  ocean ; and  although  the  Romans  were 
naturally  averse  to  the  sea  and  the  pursuits  of  commerce,  yet,  feeling  that  the  very  preservation 
of  their  empire  depended  upon  their  maritime  superiority,  they  devoted  the  greatest  care  and 
attention  to  the  perfection  of  their  Fleets  and  Harbours,  as  the  magnificent  remains  I shall  have 
occasion  to  mention,  in  Italy  and  other  places,  afford  ample  testimony.  These  works  evidently 
prove  that  the  Ancients  had  made  considerable  progress  both  in  the  theory  and  practice  of 

Marine  Architecture.  .r.,,,-. 

I have  endeavoured  to  select  a senes  of  examples  from  almost  every  country,  from  the  earliest 
dawn  of  civilization  to  the  present  time.  Each  example  is  complete  in  itself,  and  is  accompanied 
bv  a statement  of  the  geological  and  geographical  features  of  the  coast  where  it  is  situated— the 
winds— the  tides— the  currents— the  soundings— the  nature  and  formation  of  the  rocks  by  which 
it  is  surrounded— the  state  of  the  place  before  any  works  were  executed— the  history  of  the 
various  works  executed  from  time  to  time— the  effect  of  them ;— and  where  they  have  failed,  the 
causes  of  failure  are  explained,  and,  as  far  as  circumstances  will  permit,  the  remedy  best  ada  pted 
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to  the  nature  of  the  case  is  pointed  out:  by  this  means  we  obtain  the  results  of  experience, 
which  is  the  most  satisfactory  of  all  proofs.  We  liave  the  record  of  facts  to  guide  us,  and  by  know- 
ing the  causes  which  have  produced  certain  effects,  we  can  apply  them  to  other  similar  cases, 
and  thus,  if  we  cannot  restore  things  to  their  original  state,  we  can  stop  and  prevent  the  evil 
from  proceeding  further;  and,  in  order  to  derive  the  greatest  advantage  from  each  example, 
conclusions  and  general  principals  are  deduced  in  conformity  with  them. 

“ The  same  plan  is  pursued  as  regards  the  particular  kind  of  workmanship  and  materials  best 
adapted  to  each  example,  whether  of  wood,  stone,  or  iron,  and  the  mode  of  carrying  it  into  efi'ect, 
not  admitting  at  the  same  time  the  important  item  of  cost;  and  as  far  as  space  will  allow,  original 
documents,  reports,  and  opinions  are  given,  so  that  the  reader  will  he  able  to  draw  his  own  con- 
clusions and  form  his  opinion  accordingly.  1 have  also  endeavoured  to  institute  an  examination 
and  comparison  between  the  various  examples  under  the  different  heads  of  ‘ Design,’  ‘ Construc- 
tion,’ and  ‘Result,’  with  a view  to  select  and  prosecute  that  system  which  as  far  as  practicable,  may 
be  best  adapted  for  each  particular  case,  although  it  must  be  admitted  that  it  is  extremely  difficult 
to  draw  a correct  parallel,  or  to  lay  down  principles  which  shall  be  generally  applicable,  for  each 
case  may  require  a different  mode  of  treatment,  which  can  only  be  ascertained  by  an  exact  study 
and  investigation  of  the  respective  local  circumstances.’’ 

With  this  brief  explanation  of  the  plan  and  object  of  the  Work,  it  is  now 
submitted  to  the  notice  of  the  British  and  Foreign  Governments,  to  Professional 
Engineers,  and  others  of  all  nations  who  feel  interested  in  the  perfect  construc- 
tion and  maintenance  of  Docks  and  Harbours, — so  indispensable  in  the  forma- 
tion and  equipment  of  naval  armaments  for  the  protection  of  trade  and  commerce 
with  every  portion  of  the  civilized  world,  and  invaluable  as  asylums  for 
mariners. 

It  is  also  submitted  to  the  special  notice  of  the  members  of  those  corporate 
or  other  bodies  upon  whom  may  devolve  the  conservation  and  improvement  of 
Harbours,  Docks,  or  Rivers,  as  a worthy  and  valuable  addition  to  the  records 
by  which  they  are  enabled,  either  by  Charter  or  by  Act  of  Parliament,  to 
exercise  the  rights  and  privileges  so  conferred  upon  them. 


LIST  OF  PLATES. 


Portrait  of  the  Author. 

Cherbourg  Breakwater,  general  plan. 

Ditto,  transverse  sections  of  original  design. 

Ditto,  details  of  lines. 

Ditto. 

Ditto,  plan  and  sections. 

Sheerness  Dockyard,  view  looking  up  the  Med- 
way. 

Plan  of  the  old  and  new  Dockyards. 

Sheerness  Dockyard,  view  of  Northern  portion. 

Ditto,  details  of  the  Docks,  Basins,  and  Walls, 
of  the  Northern  portion  of  the  new  Dock- 
yard. 

Ditto,  plan  and  sections  of  one  of  the  great 
Dry  Docks. 

Sheernoss,  details  of  the  gi-eat  Dock -gates. 

Ditto,  section  of  the  gi-eat  pumping-engine. 

Ditto,  view’  of  the  North  portion  of  the  new 
Dockyard,  in  progress. 

Ditto,  cross  section  of  the  Pumping-engine. 

Ditto,  pl.an  of  ditto,  and  Cement-Mill. 

Ditto,  Masting-Sheers,  Building-Slip,  and  great 
Entrance. 

Ditto,  Mast-House  and  Locks. 

Ditto,  plans  and  sections.  Sea  Walls,  and  Cof- 
fer-Dams. 

Ditto,  view  of  the  great  Basin  and  Entrance. 

Ditto,  plan  and  sections  of  the  Storehouses. 

Ditto,  ditto  of  the  Saw-Pits. 

Ditto,  Machine  for  grooving  Piles. 

Ditto,  ditto,  plan. 

Shcemess,  Tide-Guage. 

Ditto,  plan  of  new  Dockyard,  and  Mouth  of 
Thames. 

Chatham  Dockyard  and  Dry  Dock,  with  pro- 
posed improvements. 

Northflect  Docks,  proposed. 

I’ortsmouth,  plan  of  Dockyard  and  Harbour. 

Ditto,  derails  Of  Boiler  Manufactory  and  Basin 
W.alis. 

Woolwich  and  Deptford  Dockyards,  with  de- 
tails. 

Plymouth  and  Devonport,  general  view. 

Plymouth  .Sound,  chart. 

Plan  of  Dockyard  and  Kcyhara  Steam-Vessel 
Establishment. 

Devonport  and  Pembroke  Dockyards,  with 
details. 


View  of  the  Royal  William  Victualling  Estab- 
lishment, Plymouth. 

Plan  of  ditto. 

Milford  Haven  and  Cork  H.arbour,  chai-ts. 

Plan  of  Ramsgate  Harbour. 

Ditto,  details  of  ditto. 

Ditto,  ditto,  and  Moreton’s  Repairing-Slip. 

Ditto  Engine-house  and  Workshops. 

Ditto  Pier-head  and  new  Light-house. 

Dover  Harbour,  Ancient  Plans  of. 

Ditto  ditto  in  1520  and  1844. 

Ditto,  with  proposed  Harbour  of  Refuge. 
Newhaven,  Shoreham,  and  Rye  Harbours. 

Great  Grimsby  Docks  and  Harbour. 

Hull  and  Bridlington  Harbours. 

Scarborough  Harbour. 

Ditto  Piers,  elev.ations,  and  sections,  and  Whit- 
by Harbour. 

Hartlepool  Harbour,  general  plan  and  views. 
Ditto,  Ancient  Harbom-  and  sections  of  Walls. 
Ditto,  details  of  Ancient  Harbour. 

Ditto,  plan  of  new  Docks  and  Harbour. 

Ditto,  enlarged  plan  of  new  Docks,  Tide,  and 
Outer  Harbours. 

Ditto,  Cross-wall,  Sluices,  and  Entrance  to  great 
Scouring  Reservoir. 

Ditto,  section  of  Locks  and  Sluices  in  the  Cross 
Embankment  between  the  Reservoir  and 
Tidal  Harbour. 

Ditto,  plan  of  part  of  ditto. 

Ditto,  plans  and  sections  of  one  of  the  Scouring 
Sluices. 

Ditto,  Locks,  and  Ramsgate  Harbom-. 

Ditto,  sections  of  Dock,  Walls,  and  Tide  Har- 
bour. 

Ditto,  Turning  Bridge. 

Ditto,  section  of  Locks. 

Ditto,  Dock  Gates. 

Ditto,  ditto  Entrance  to  Scouring  Reservoir. 
Sunderland  Harbour,  genei-al  plan. 

Ditto,  details  of  Pier,  &c. 

Ditto,  Driving  Piles,  and  Dredging  with  Steam 
Engine. 

Mouth  of  the  River  Tyne  and  proposed  Pier. 
Berwick  Harbour. 

Leith  Harbour. 

Ditto,  Wooden  Pier  and  Martello  Tower. 

Ditto,  Lucks  and  Dry  Docks. 
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Leith  Harbour,  Wareliouscs. 

Hell  Rock  Light-house. 

Douglas  Harbour,  with  proposed  improvements. 
Aberdeen  Harbour  and  details. 

Peterhead  and  Fraserburgh  Harbours. 
Ardrossan  and  Greenock,  and  Glasgow  Docks 
and  Harbour. 

Port  Patrick  Harbour. 

Donaghadoe  Harbom-. 

Belfast  Town,  Harbour,  and  proposed  Docks. 
Carrickfergus  Harbour,  with  proposed  improve- 
ments. 

Dublin  Bay  and  Harbour. 

Kingstown  Harbour  and  details. 

Howth  Harbour  ditto. 

Holyhead  Old  Harbour. 

Whitehaven  Harbour. 

Harbours  of  the  Dee  and  Mersey,  and  Birken- 
head. 

Liverpool  Docks  and  Harbour. 

Holyhead  and  Portland  New  Harbours. 
Yarmouth,  Harwich,  and  Lowestoft  Harbours. 
Firth  of  Tay  and  Dundee  Docks. 

Bute  Docks  at  Cardiff  and  Bristol  and  Leghorn 
Harbour. 

Delaware  Bay  and  Breakwater. 

Ponte  Delgada  proposed  New  Harbour. 


Venice  Harbour  in  the  Middle  Ages. 

Ditto  ditto  at  present. 

Ditto,  details  of  the  Murazzi  or  Sea  Break- 
waters. 

Ancona,  Tarentum,  Brindisi,  Antium,  and 
Malaga  Harbours. 

Myndus,  Stanchio,  .^gina,  and  Halicarnassus 
Harbours. 

Athens,  Port  Piraeus,  Chios,  and  Isene. 
Carthage,  Tunis,  Sidon,  and  Tyre. 

Algiers  Harbour  and  details. 

Messina  and  Syracuse  Harbours. 

Palermo  and  Girgenti. 

Naples. 

Genoa  and  Civita  Vecchia. 

Marseilles  and  Toulon. 

Havre,  Dieppe,  and  Boulogne. 

Cadiz. 

Ferrol  and  Corunna. 

Brest. 

Dunkirk  and  Calais. 

Lynn,  Wisbeach,  Spalding,  and  Boston. 
Carlscrona  and  Copenhagen. 

Port  of  London. 

Ostia,  Modern  and  Ancient,  with  Carthagena, 
and  details  of  New  Harbour  at  Marseilles. 
Ostia,  Ancient,  and  Arsenal  of  Venice. 


***  A few  sets  of  the  Plates  are  printed  on  India  paper,  and  may  be  had  at  an 

increased  price. 


RAILWAYS. 

64 

In  1 vol.  4to.,  with  fifty  engravings,  half-bound  in  morocco,  price  £1  Ifis. 

THE  PRACTICAL  RAILWAY  ENGINEER:  Examples  of 

the  mechanical  and  engineering  operations  and  structures  combined  in  the 
making  of  a railway.  By  G.  D.  Dempsey,  C.E. 

Contents  : — Cmwcs,  gradients,  gauge,  and  slopes — earthworks,  cuttings,  embankments,  and  drains 
— retaining  walls,  bridges,  tunnels,  Ac. — permanent  way  and  construction — stations  and  their  fittings. 

&c.  &c.  &c. 

65 

RAILWAYS  ON  THE  RHINE  (The  Raden):  all  the  mechan- 
ical constructions,  in  fifty  plates,  large  oblong  atlas  folio ; very  well  executed 
plates,  and  of  recent  very  good  examples,  price  in  boards  £l  5s. 

66 

In  royal  8vo.,  28  plates,  extra  cloth  boards,  price  12s. 

ENSAMPLES  OE  RAILWAY  MAKING;  which,  although  not 

of  English  practice,  are  submitted,  with  practical  illustrations,  to  Civil  Engi- 
neers, and  to  the  British  and  Irish  Public : particularly  as  examples  of  Timber 
constmetion  for  Bridges,  Viaducts,  &c. 

67 

A PRACTICAL  TREATISE  ON  LOCOMOTIVE  ENGINES 

UPON  RAILWAYS : the  constmetion,  the  mode  of  acting,  and  the  effect  of 
engines  in  conveying  heavy  loads ; the  means  of  ascertaining,  on  a general 
inspection  of  the  machine,  the  velocity  with  which  it  will  draw  a given  load, 
and  the  results  it  will  produce  under  various  circumstances  and  in  different 
localities ; the  proportions  which  ought  to  be  adopted  in  the  constmetion  of  an 
engine,  to  make  it  answer  any  intended  puipose ; the  quantity  of  fuel  and  water 
required,  &c. ; with  practical  Tables  and  an  Appendix,  shewing  the  cjmensc  of 
conveying  goods  by  moans  of  locomotives  on  railroads.  By  Go>rTE  F.  M.  G. 
i)E  Pambouk.  In  8vo.,  extra  cloth  boards,  with  plates,  a second  edition,  price  185. 


NEW  LIST  OF  WORKS. 
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68 

EXPERIMENTAL  RESEARCHES  UPON  THE  LOCOMO- 
TIVE EN  GIN E,  recently  made  by  MM.  Gouin  and  Chatelier  on  the  Versailles 
and  Paris  Railway.  Translated  by  R.  Lloyd,  C.E.  In  4to.,  with  engravings, 
price  7s.  Gd. 


ATMOSPHERIC  RAILWAYS. 


69 

REPORT  ON  THE  ATMOSPHERIC  RAILWAY  SYSTEM. 

By  Robert  Stephenson,  Esq.,  M.P.  In  4to.,  with  27  tabular  engraved  plates, 
price  7 s. 

70 

ATMOSPHERIC  RAILWAYS. — Three  Reports  on  improved 

methods  of  constructing  and  working.  By  R.  Mallet,  C.  E.,  Dublin.  In  4to., 
with  10  plates,  price  7s.  6d. 

71 

ATMOSPHERIC  SYSTEM— M.  Arago’s  Report  .on  the,  and 

on  the  proposed  Atmospheric  Railway  at  Paris,  7^  miles  long.  In  4to.,  price 

Is.  6d. 

72 

SIMMS  (F.'W.)  ON  LEVELLING.— A TREATISE  ON  THE 

PRINCIPLES  AND  PRACTICE  OF  LEVELLING,  shewing  its  application 
to  purposes  of  Civil  Engineering,  particularly  in  the  Construction  of  Roads ; with 
Mr.  Telford’s  Rules  for  the  same.  In  8vo.,  third  and  much  improved  edition, 
with  plates,  price  7s.  6c?. 

73 

12mo.,  with  illustrations,  extra  cloth  boards,  and  lettered,  price  3s.  6c?. 

A TREATISE  ON  THE  PRINCIPAL  MATHEMATICAL 

AND  DRAWING  INSTRUMENTS,  employed  by  the  Engineer,  Architect, 
and  Suiweyor ; with  a desciiption  of  the  Theodolite,  together  with  Instructions 
in  Field  Works.  By  F.  W.  Simms,  C.  E. 

74 

A COMPLETE  AND  MOST  IMPROVED  SYSTEM  OF  SET- 
TING OUT  RAILWAY  CURVES;  comprising  at  once  brevity,  simplicity, 
and  accuracy.  By  George  Heald,  C.  E.  In  4to.,  with  wood-cuts,  second 
edition,  revised  and  improved,  price  3s.  6c?. 

75 

A NEW  METHOD  of  SETTING  OUT  RAILWAY  CURVES. 

By  Robert  Charles  May,  C.  E.  In  12mo.,  price  2s.  6c?. 

76 

RULES  FOR  RANGING  RAILWAY  CURVES  with  the 

Theodolite,  and  without  Tables.  By  R.  Brodie,  C.  E.  In  4to.,  price  2s.  6c?. 

77 

HART  (J.)  ON  OBLIQUE  BRIDGES.— A PRACTICAL 

TREATISE  ON  THE  CONSTRUCTION  OF  OBLIQUE  ARCHES.  By 
John  Hart.  In  imperial  8vo.,  third  edition,  with  additions.  11  plates,  extra 
cloth  boards,  price  8s. 
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78 

BUCK’S  (G.  W.)  PRACTICAL  & THEORETICAL  ESSAY 

ON  0HL1(^)UE  BRIDGES.  In  4to.,  with  12  large  folding  plates,  extra  clolh 
boards,  price  14s. 

79 

BARLOW’S  (W.  H.,  C.  E.)  DESCRIPTION  OF  DIAGRAMS 

KOK  FACILITATING  THE  CONSTRUCTION  OF  OBLIQUE  BHIDGEs! 
In  4to.,  with  a large  plate,  price  3s.  6d. 


PUBLIC  WORKS. 


80 

153  plates,  half-bound  in  morocco,  very  neat,  price  £4  4s. 

PUBLIC  WORKS  OF  GREAT  BRITAIN ; consisting  of  Rail- 
ways, Rails,  Chairs,  Blocks,  Cuttings,  Embankments,  Tunnels,  Oblique  Arche.s, 
Viaducts,  Bridges,  Stations,  Locomotive  Engines,  &c. ; Cast  Iron  Bridges,  Iron 
and  Gas  Works,  Canals,  Lock-Gates,  Centering,  Masonry  and  Brickwork  for 
Canal  Tunnels;  Canal  Boats;  the  London  and  Liverpool  Docks,  plans  and 
dimensions,  Dock-Gates,  Walls,  Quays,  and  their  Masonry;  Mooring-Chains; 
Plan  of  the  Harbour  and  Port  of  London,  and  other  important  engineering 
works,  with  descriptions  and  specifications : the  whole  rendered  of  the  utmo.st 
utility  to  the  Civil  Engineer  and  to  the  student,  and  as  examples  to  the  foreign 
engineer. 

This  work  is  in  ah  imperial  folio  size,  the  drawings  and  engravings  have  been 
executed  by  eminent  artists,  and  no  expense  has  been  spared  in  rendering  it 
highly  essential  for  practical  use ; also,  as  an  ornamental  volume  of  important 
engineering  works  in  several  parts  of  the  kingdom.  There  are  some  plates  in 
the  volume  that  may  be  preferred  in  colours,  viz. — the  elaborate  subject  of  the 
Blisworth  Cuttings  on  the  Birmingham  Line,  18  plates  geologically  coloured  ; 
Glasgow  and  Gairnkirk  Railway  Cutting  through  Moss. 


81 

PUBLIC  WORKS  of  the  UNITED  STATES  of  AMERICA. 

In  two  parts,  imperial  folio,  comprising  the  following  impoitant  works : — 

CONTENTS  OF  PLATES. 


1 to  13.  The  Philadelphia  gas-works : com- 
prising elevations  of  hiuldings,  roof,  details, 
furnaces,  retorts,  sections  of;  gasometers, 
tanks ; hydraulic  main-pipes,  &c. ; gas 
meters,  washers,  Ac. 

14.  Elevation,  section,  and  plan  of  the  reser- 
voir dam  across  Swatara,  Pennsylvania, 
erected  by  the  Union  Canal  Co. 

15.  Elevation,  section,  chamber,  and  plan  of  the 
outlet  locks  on  the  SchuylkU  canal  at  Ply- 
mouth, Pennsylvania. 

16.  Lock-gates  and  details  of  ditto. 

17.  Trian^ation  of  the  entrance  into  the  Bay 
of  Delaware,  exhibiting  the  exact;  position 
of  the  capes  and  shoals,  with  reference  to 
the  site  of  the  breakwater. 

18.  Map  of  the  Delaware  breakwater,  with  the 
detailed  topogi'aphy  of  Cape  Henlopen,  and 
section  of  breakwater. 

19.  Map  of  the  Philadelphia  water-works. 

20.  Groimd  plan  of  the  northern  half  of  ditto. 

21.  Dam,  end  view  of  water-wheel,  &c. 

22.  Dam,  sections  of;  pier,  Ac. 

23.  Views,  sections,  Ac.  of  force  piunps. 

24.  Improved  stop-cock,  reducing  pipe,  circular 
pipe,  double  and  single  branch  pipe,  bevel 
hub  pipe,  Ac. 


25.  Plan  of  a dam,  Sandy  and  Beaver  canal  : 
plan  of  abutment,  cross  section,  gravelling, 
Ac. 

26  and  27.  Plan,  elevation,  and  cross  section  of 
a lift  lock,  Sandy  and  Beaver  canal. 

28.  Gate,  front  view  ; front  view  of  falling  gate, 
mitre  sill,  section,  Ac. 

29,  30.  Eastern  division,  and  Sandy  and  Beaver 

canal,  Ohio,  front  view;  foundation  plan, 
end  view,  Ac.  of  abutment. 

31,  32.  Plan  of  the  Tye  river  dam  across  James 
river  and  Kanawha  canal. 

33.  Lock  on  ditto ; plan  of  S-feet  lift,  and  sec- 
tions. 

34,  35.  Plan  of  a wooden  lock  of  8-feet  lift, 
several  sections. 

36,  37.  Plan  of  llavenna  aqueduct,  in  elevations 
and  sections ; horizontal  section  at  surface 
of  water,  plan  of  pier  abutment  and  wing- 
walls,  Ac. 

38.  Farm  bridge,  James  river  and  Kanawha 
canal;  elevation,  plan,  longitudinal  and 
cross  section. 

39,  40.  Aqueduct  over  Byrd  Creek,  on  the  same 
canal ; elevation,  abutment  of  wings,  hori- 
zontal section  at  surface  of  water,  trans- 
verse section,  Ac. 

style  of  art  by  the  Le  Keuxs,  from  ela- 
Carc  has  been  taken  that  each 


The  plates  are  engraved  in  the  best 
borate  drawings  made  expressly  for  the  work. 
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subject  contains  every  dimension  necessary  to  shew  proportion  and  parts  of  con- 
struction. 

Price  £2  ; and  in  an  8vo.  vol.,  price  6s.  (sold  together  £2  6s.) 

EEPORTS,  SPECIFICATIONS,  AND  ESTIMATES  OF  PUBLIC  WORKS 
OF  THE  UNITED  STATES  OF  AMERICA ; explanatory  of  the  atlas  folio 
of  detailed  engravings,  elucidating  practically  these  important  engineering  works. 

82 

BUCHANAN’S  PRACTICAL  ESSAYS  ON  MILL-WORK 

AND  OTHER  MACHINERY ; with  Examples  of  Tools  of  modern  invention  : 
first  published  by  Robeet  Buchanan,  M.  E.  ; affcerw^ards  improved  and  edited 
by  Thomas  Tkedgold,  C.E.  ; and  now  re-edited,  with  the  improvements  of 
the  present  age,  by  George  Rennie,  F.R.  S.,  C.E.,  &c.  &c. 

The  whole  fonning  70  fine  plates,  the  most  part  engraved  by  Lowby  and  Le  Keux, 

and  103  wood-cuts. 

The  text  in  1 large  vol.  8vo.,  and  the  plates,  upwards  of  70  in  number,  in  an  atlas 
folio  volume,  very  neatly  half-bound  in  morocco,  price  £2  10s. 

83 

BUCHANAN,  SUPPLEMENT.— PRACTICAL  EXAMPLES 

ON  MODERN  TOOLS  yVND  MACHINES;  a supplementary  volume  to  Mr. 
Rennie’s  edition  of  Buchanan  ‘ On  Mill-Work  and  other  Machinery,’  by  Tred- 
GOLD.  The  work  consists  of  18  plates,  elaborately  drawn  and  engraved,  of  the 
machinery  of  Messrs.  Maclea  and  March,  Leeds;  Messrs.  Whitworth  & Co., 
Manchester ; and  Messrs  Carmichael,  of  Dundee. 

Text  in  royal  8vo.,  and  plates  in  imperial  folio,  price  18s. 


CARPENTRY  AND  BUILDING. 
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Now  complete  in  2 vols.  4to.,  with  190  plates,  price  £2  16s.  in  cloth  boards,  lettered. 

CARPENTRY : a comprehensive  and  useful  work  for  Carpenters, 

Builders,  Woi’kmen,  and  Students  in  Architecture. 

Vol.  I.  comprises  the  pm-ely  elementary — a book  of  lines; — geometry; — prac- 
tical rules  on  the  art  of  drawing  for  the  operative  builder  and  young  student  in 
architecture ; — rules  for  drawing  buildings ; — principles  and  practice  of  colouring, 
and  putting  in  effects  for  architectural  drawing,  &c. 

Vol.  II.  consists  of  subjects  of  practical  utility  and  of  recent  design  and  con- 
struction in  the  Classic  and  Italian  styles; — plans,  elevations,  and  details  of  club- 
houses, taverns,  shop-fronts,  verandahs,  &c. ; ancient  timber  constructions,  open 
roofs,  &c. 


Elementary  and  practical  geometry,  or  book  of  lines  for  a carpenter's  guide  . . 60 

Drawings  for  the  operative  builder  and  young  student  in  architecture  . . . .14 

Staircases  and  hand-rails,  &c.  &c 43 

Details  of  the  construction  of  the  wooden  columns  in  the  New  Hall,  King’s  College, 

Cambridge 2 

Plan  and  elevation  of  Athenseum  Club-House 1 

Plans,  elevation,  and  details  of  Arthm^’s  Club-House 3 

Elevations  and  details  of  verandahs,  principally  of  examples  from  Brighton  . . 26 

Girard’s  College  for  Orphans,  plans,  elevations,  and  sections 6 

Plans,  elevations,  and  sections  in  constructive  art 2 

The  Temple  of  Jerusalem,  the  typo  of  Grecian  Architectm-e,  plans,  sections,  and  ele- 
vations   2 

Joiners’  work  (examples  of),  elevations,  sections,  details,  and  plans  of  doors,  &c.  . 6 

Details  of  the  roofs  of  the  Charter-House  and  Clerkenwoll  church  ....  2 

Shop  Fronts,  elevations,  plans,  and  details  : 

Ladies’  shoe-maker’s.  Mount  Street,  Grosvenor  Square  ....  2 

Dyer's,  Elizabeth  Street,  Chester  Square 2 

Umbrella  and  eane  shop.  Regent  Street 2 

'Tailor  and  draper’s.  Regent  Street 2 

Elizabethan  terminations  of  shop  fronts  and  consoles  ....  1 

Details  of  joinery  and  carpentry  in  Windsor  Castle,  in  plan,  elevation,  &c.  . . C 
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Joinery  and  carpentry  of  the  Duke  of  Sutherland’s  Mansion  at  LillCHliall  ...  2 

Plans  and  elevation  of  the  Percy  Arms,  Uoyd’s  Square,  Pcntonville  ....  1 

Elevation  of  roof  at  Exeter  Hall,  and  other  roofs . 1 

Panelling — Interior  of  the  Star  Chamber,  Westminster 1 

Ecclesiastical  wood-work : 

Roof  of  the  nave,  St.  Mary,  Westonzoyland,  Somersetshire  ...  1 

Roof  in  Lavonh.am  church,  Suffolk ] 1 

Roof  in  Beresford  churcli,  Oxfordshire ! ! 1 

Roof  in  Wantage  church,  Berkshire .*1 

Nave  roof,  St.  Mary’s,  Bury  St.  Edmund’s  ....  ."[190]  1 


The  preceding  works  may  be  had  in  separate  forms  for  the  convenience  of  pur- 
chasers, each  having  a distinctive  title. 

Vol.  I. — Elcmentaiy  part,  complete  : 

Nicholson’s  Carpenters’  New  Guide:  a book  of  lines  considerably  improved, 
with  additions  to  the  present  time,  and  containing  an  Introduction  to  Practical 
Mathematics  and  Mensuration,  together  with  practical  rules  on  drawing,  for  the 
operative  builder  and  young  student  in  architecture.  74  engravings,  cloth 
boards,  price  £1  4s. 

Vol.  II. — Complete,  Practical : 

Staircases— details  of  the  constniction  of  wooden  columns — plans  and  elevations 
of  club-houses— twenty-six  illustrations  of  verandahs— practical  illastrations  of 
architecture — roofs  and  ecclesiastical  wood-work— joinery  of  Windsor  Castle,  and 
at  Lilleshall,  Salop— shop  fronts,  &c.  116  plates  with  text,  cloth  boards,  price 

£1  12s. 
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HINTS  TO  YOUNG  ARCHITECTS:  comprising  Advice  to 

those  who,  while  yet  at  school,  are  destined  to  the  profession ; to  such  as, 
having  passed  their  pupilage,  are  about  to  travel ; and  to  those  who,  having 
completed  their  education,  are  about  to  practise : together  with  a Model  Speci- 
fication ; involving  a great  variety  of  instructive  and  suggestive  matter,  calcu- 
lated to  facilitate  their  practical  operations ; and  to  dhect  them  in  their  conduct 
as  the  responsible  agents  of  their  employers,  and  as  the  rightful  judges  of  a 
contractor’s  duty.  By  George  Wightwick,  Architect. 


CONTENTS  : — 


Preliminary  Hints  to  Yoimg  ArcMtects  on  the 
Knowledge  of  Drawing. 

On  Serving  his  Time. 

On  Travelling. 

His  Plate  on  the  Door. 

Orders,  Plan -di-a wing. 

On  his  Taste,  study  of  Interiors. 

Interior  Arrangements. 

Warming  and  Ventilating. 

House  Building,  Stabling. 

Cottages  and  Villas. 

Model  Specification : — 

General  Clauses. 

Foundations. 

Well. 

Artificial  Foundations. 

Brickwork. 

Rubble  Masonry  with  Brick  Mingled. 

Extra  cloth  1 


Model  Specification : — 

Stone-cutting. 

Grecian  or  Italian  only. 

Gothic  only. 

Miscellaneous. 

Slating. 

Tiling. 

Piaster  and  Cement  Work. 

Carpenters’  Work.  ' 

Joiners’  Work. 

Iron  and  Metal  Work. 

Plumbers’  Work. 

Drainage. 

Well-digging. 

Artificial  Levels,  Concrete,  Foundations, 
Piling  and  Planking,  Paving,  Vaulting, 
Bell-hanging,  Plumbing,  and  Building 
generally, 
ids,  price  8s. 
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TELFORD’S  (Thos.)  WORKS. 

In  1 vol.  imperial  atlas  folio,  containing  83  fine  plates,  and  a quarto  volume  of 
text,  with  fine  portrait,  price  in  boards  £5  5s.,  or  half-bound  in  russia,  price  £6  6s. 

CONTAINING  ALSO, 

THE  LIFE  OF  THOMAS  TELFORD,  with  a descriptive  nar- 

rative of  his  professional  labours,  edited  by  John  Rickman. 
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In  4to.,  containing  a portrait  of  the  late  President,  Thomas  Telford  Esq.,  witli  27 
finely  engraved  plates,  and  numerous  vignette  embellishments  of  portraits  of 
Engineers  and  their  works,  price  30s.  extra  cloth  boards.  Vol.  I. 

TRANSACTIONS  OF  THE  INSTITUTION  OF  CIVIL  EN- 

GINEERS,  Vol.  II..  with  Engravings,  price  £1  8s.  Od. 

Vol.  III.,  ,,  price  £2  12s.  6d. 


NEW  LIST  OF  WORKS. 
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WILME’S  MANUALS. 

In  4to.,  price  12s.  bound  in  cloth,  illustrated  with  26  large  plates  and  17  wood-cuts. 

A MANUAL  OF  WRITING  & PRINTING  CHARACTERS, 

both  ancient  and  modern.  By  B.  P.  Wilme,  C.  E.,  M.K.I.A.,  &c. 
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MAPS  AND  PLANS. 

In  4to. , half-bound,  plates  plain  £ I 4s. , or  coloured,  half-bound  in  morocco,  price  £2 . 

A HAND-BOOK  FOR  MAPPING,  ENGINEERING,  AND 

ARCHITECTURAL  DRAWING.  By  the  same. 

CONTENTS. 

1.  Map  Details. — North  points — borders  for  plans,  &c. — map-drawing;  shewing  every  process 
from  the  field-book  to  the  finished  map — map  engi-aving — map  writing — designs  for  titles — 
designs  for  trees  from  nature — hill  shading — conventional  signs  used  in  civil,  military,  and 
nautical  maps — railway  plans  and  sections. 

2.  Geological  diagi’ams  and  sections. 

3.  Alphabets,  ancient  and  modern,  with  rules  and  examples  of  the  mode  of  constructing  them. 

4.  Architectural  drawing,  shewing  also  the  method  of  colouring  different  materials. 

5.  Stencil  plates  applied  to  the  lettering  of  maps  and  plans,  with  observations  as  to  the  more 
extendetl  use  for  colomdng  the  same. 

6.  Flourishing — examples  of. 

7.  Colours — use  of,  as  pure,  compounded  into  tints,  and  contrasted. 

8.  Instruments — mathematical  and  others,  used  in  map  and  plan  drawing. 

9.  Specimen  plate  of  highly  finished  map  drawing  exemplified  in  lithogi-aphy. 
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WROUGHT  IRON. 

A TABLE  OF  THE  WEIGHT  OF  WROUGHT  IRON  in 

ounces  and  decimals,  accurately  constructed  to  shew  the  Weight  per  Lineal 
Foot  of  Square  and  Flat  Iron  to  six  inches  wide,  extending  to  1058  sizes,  and 
advancing  by  eighths  of  an  inch  in  each  dimension  of  breadth  and  thickness. 
Also,  the  Weight  of  Round  Iron  to  six  inches  diameter,  of  all  the  sizes  usually 
manufactured ; and  the  Weight  of  Hoop  Iron,  for  Bond,  &c.,  up  to  six  inches  in 
tvidth,  advancing  by  sixteenths  of  an  inch. 

The  whole  carefully  revised,  and  arranged  in  alternate  coloured  columns,  with 
. an  ornamental  border  designed  expressly  for  this  work ; and  forming  a Table  of 
Reference  for  the  use  of  Architects,  Engineers,  Builders,  and  Contractors  for 
Works  generally. 

Size  of  the  Table,  25  inches  by  19 J,  price  4s.,  and  on  imperial  paper  5s. 
Proof  impressions  6s.  each,  or  carefully  packed  for  the  country  and  for- 
warded carriage  free,  2s.  extra.  A few  copies  may  be  had,  mounted  on  cloth, 
to  fold  into  embossed  cases,  8vo.  size,  price  8s.  Qd.,  or,  free  by  post,  12s.  6tf.,  and 
will  be  found  available  where  portability  is  desired. 
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In  1 vol.  8 VO.,  extra  cloth,  bound,  pi’ice  9s. 

THE  STUDENT’S  GUIDE  TO  THE  PRACTICE  OF  DE- 
SIGNING, MEASURING,  AND  VALUING  ARTIFICERS’  WORKS; 
containing  directions  for  taking  Dimensions,  abstracting  the  same,  and  bringing 
the  Quantities  into  Bill ; with  Tables  of  Constants,  and  copious  memoranda  for 
the  Valuation  of  Labour  and  Materials  in  the  respective  trades  of  Bricklayer  and 
Slater,  Carpenter  and  Joiner,  Sawyer,  Stonemason,  Plasterer,  Smith  and  Iron- 
monger, Plumber,  Painter  and  Glazier,  Paper-hanger.  Thirty-eight  plates  and 
Wood-cuts. 

The  Measuring,  &c.,  edited  by  Edward  Dobson,  Architect  and  Surve^mr. 
Second  Edition,  with  the  additions  on  Design  by  E.  Lacy  Garbett,  Architect. 


CONTENTS. 


Pbeliminary  Observations  on  Designing 
Artifioers’  Works. 

Preliminary  Observations  on  Measurement, 


Valuation,  &c. — On  measuring — On  rotation 
therein — On  abstracting  quantities — On  va- 
luation— On  the  use  of  constants  of  labour. 
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BRICKLAYER  ANII  SLATER. 

IIKSION  OF  Biuckwouk — technical  terms,  <tc. 

Foundations — Arches,  inverted  and  erect — 
Window  and otheraperture  heads — Window 
jambs  — Plates  and  internal  cornices  — 
String-courses — External  cornices — Chim- 
ney shafts — On  general  improvement  of 
brick  architecture,  especially  fenestration. 

Measurement. 

Of  diggers’  work— Of  brickwork,  of  facings, 

&c. 

Design  of  Tiling,  and  technical  terms. 

Measurement  of  Tiling  — Example  of  the 
mode  of  keeping  the  measuring-book  for 
brickwork. 

Abstkacting  Bricklayers’  and  Tilers’  work. 

Example  of  bill  of  Bricklayers'  and  Tilers’ 
work. 

Valuation  of  Bricklayers’  work,  Earthwork, 

Concrete,  &c. 

Table  of  sizes  and  weights  of  various  articles 
— Tables  of  the  numbers  of  bricks  or  tiles 
in  various  works — Valuation  of  Diggers’ 
and  Bricklayers’  labour — Table  of  Con- 
stants for  said  labour. 

Examples  op  Valuing. 

1.  A yard  of  concrete. — 2.  A rod  of  brick- 
work.— 3.  A foot  of  facing. — 4.  A yard  of 
paving. — 5.  A square  of  tiling. 

Design,  Measurement,  and  Valuation  op 

Slating. 

CARPENTER  AND  JOINER. 

Design  op  Carpentry — technical  terms,  &c. 

Brestsummers,  an  abuse : substitutes  for 
them — Joists,  trimmers,  trimming-joists — 
Girders,  their  abuse  and  right  use — Sub- 
stitutes for  girders  and  quarter-partitions — 
Quarter-partitions — Roof-framing  — Great 
waste  in  present  common  modes  of  roof- 
framuig — To  determine  the  right  mode  of 
subdividing  the  weight,  and  the  right  num- 
bers of  bearers  for  leaded  roofs — The  same 
for  other  roofs — Principle  of  the  truss — 
Considerations  that  determine  its  right 
pitch — Internal  filling  or  tracery  of  trusses 
— Collar -beam  trusses — Connection  of  the 
parts  of  trusses — Variations  on  the  truss ; 
right  limits  thereto — To  avoid  fallacious 
trussing  and  roof-framing — Delorme’s  roof- 
ing ; its  economy  on  circular  plans — Useful 
property  of  regular  polygonal  plans  — On 
combinations  of  roofing,  hips,  and  valleys 
— On  gutters,  their  use  and  abuse — Man- 
sarde  or  curb- roofs. 

Design  op  Joinery — technical  terms,  &c. 

Modes  of  finishing  and  decorating  panel-work 
— Design  of  doors. 

Measurement  of  Carpenters’  and  Joiners’  work 
— Abbreviations. 

Modes  of  measuring  Carpenters’  work — Clas- 
sification of  labour  when  measured  with  the 
timber — Classification  of  labour  and  nails 
when  measured  separately  from  the  timber. 

Examples  of  Measurement,  arch  centerings. 

Bracketing  to  sham  entablatures,  gutters — 
Sound-boarding,  chimney  grounds,  sham 
plinths  — Sham  pilasters,  floor-boarding, 
mouldings  — Doorcases,  doors,  doorway 
linings — Dado  or  surbase,  its  best  construc- 
tion— Sashes  and  sash-frames  (examples  of 
measurement) — Shutters,  boxings,and  other 
window  fittings — Staircases  and  their  fit- 
tings. 

Abstracting  Carpenters’  and  Joiners’  work. 

Example  of  Bill  of  Carpenters’  and  Joiners’ 
work; 

Valuation  of  Carpenters’  and  Joiners’  work. 
Memoranda. 

Tables  of  numbers  and  weights. 

Tables  of  Constants  of  Labour. 

Roofs,  naked  floors — Quarter-partitions,  La- 
bour on  fir,  per  foot  cube — Example  of  the 


valuation  of  deals  or  battens — Constants  of 
labour  on  deals,  per  foot  superficial. 

Constants  op  Labour,  and  of  nails,  separately. 

On  battening,  weather  boarding  — Rough 
boarding,  deal  floors,  batten  floors. 

Labour  and  Nails  together. 

On^  grounds,  skirtings,  gutters,  doorway, 
linings— Doors,  framed  partitions,  mould- 
ings — Window-fittings  — Shutters,  sashes 
and  frames,  staircases — Staircase  fittings, 
wall-strings — Dados,  sham  columns  and 
pilasters. 

Valuation  op  Sawyers’  work. 

MASON. 

Design  of  Stonemasons’  work. 

Dr.  Robinson  on  Greek  and  Gothic  Architec- 
ture— Great  fallacy  in  the  Gothic  ornamen- 
tation, which  led  also  to  the  modem 
“ monkey  styles  ” — “ Restoration  ” and 
Preservation. 

Measurement  of  Stonemasons’  work. 

Example  of  measuring  a spandrR  step,  three 
methods — Allowance  for  labour  not  seen  in 
finished  stone — Abbreviations,  Specimen  of 
the  measuring-book  — Stairs,  Landings, 
Steps,  Coping  — String-courses,  Plinths, 
Window-sills,  Curbs — Colunms,  Entabla- 
tures, Blockings  — Cornices,  Renaissance 
Niches. 

Abstracting  and  Valuation. 

Table  of  weight  of  stone — Table  of  Constants 
of  Labour — Example  of  Bill  of  Masons' 
work. 

PLASTERER. 

Design  of  Plaster  Work  in  real  and  mock 
Architecture. 

Ceilings  and  their  uses — Unnecessary  disease 
and  death  traced  to  their  misconstruction — 
Sanitary  requirements  for  a right  ceiling — 
Conditions  to  be  observed  to  render  do- 
mestic ceilings  innoxious — Ditto,  for  ceil- 
ings of  public  buildings — Barbarous  shifts 
necessitated  by  wrong  ceUing — Technical 
terms  in  Plasterers’  work. 

Measurement  of  Plaster-work. 

Abbreviations  — Abstracting  of  Plasterer's 
work — Example  of  Bill  of  Plasterers’  work , 

Valuation. 

Memoranda  of  quantities  of  materials — Con  - 
slants  of  Labour. 

SMITH  AND  FOUNDER. 

On  the  Use  of  Metal-work  in  Architecture. 

Iron  not  rightly  to  be  used  much  more  now 
than  in  the  middle  ages — Substitutes  for 
the  present  extravagant  use  of  iron — Fire- 
proof (and  sanitary)  ceiling  and  flooring — 
Fire-proof  roof-framing  in  brick  and  iron 
— Another  method,  applicable  to  hipped 
roofs — A mode  of  imtrussed  roof-framing 
in  iron  only — A principle  for  iron-trussed 
roofing  on  any  plan  or  scale — Another  vari- 
ation thereof— On  the  decoration  of  me- 
tallic architecture. 

Measurement  of  Smiths’  and  Founders’  work. 

PLUMBER,  PAINTER,  GLAZIER,  &c. 

Design,  &c.  of  Lead-work. 

Measurement  of  Paint-work — Abbreviations. 

Specimen  of  the  measuring-book — Abstract 
of  Paint-work— Example  of  Bill  of  Paint- 
work. 

Valuation  of  Paint-work. 

Constants  of  Labour — Measurement  and  Valu- 
ation of  Glazing — Measurement  and  Valu- 
ation of  Paper-hanging. 

APPENDIX  ON  WARMING. 

Modifications  of  sanitary  construction  to  suit 
the  English  open  fire  — More  economic 
modes  of  warming  in  public  buildings — 
Ditto,  for  private  ones — Wanning  by  gas. 


NEW  LIST  OF  WORKS. 
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ALPHABETS,  MONOGRAMS,  OLD  ARCHITECTURAL 

ORNAMENT,  SACRED  ILLUSTRATIONS,  BORDERS,  collected  on  the 
Continent  and  in  England. 

In  imperial  4to.,  very  neatly  half-bound  in  morocco,  with  20  beautifully  coloured 

and  illuminated  plates,  price  £1  5s. 
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ANCIENT  DOMESTIC  ARCHITECTURE  ; princpially  selected 

from  original  drawings  in  the  collection  of  the  late  Sir  William  Burrell,  Bart.  ; 
with  observations  on  the  application  of  ancient  architecture  to  the  pictorial  com- 
position of  modem  edifices. 

In  1 vol.  imperial  4to.,  with  20  fine  plates,  neatly  half-bound  in  calf,  price  £1  5s. 
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ANGLICAN  CHURCH  ORNAMENT,  Chart  of;  wherein  are 

figured  the  Saints  of  the  English  calendar,  with  their  appropriate  emblems  ; the 
different  styles  of  stained  glass ; and  various  sacred  symbols  and  ornaments  used 
in  churches.  The  stained  glass  in  beautiful  fac-simile. 

Price  4s.  6c?,  in  extra  style  of  binding ; in  a sheet,  3s.  6c?, 
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By  the  same  Author,  unifonn  with  the  above,  price  4s.,  or  in  a Sheet,  3s. 

EXAMPLES  OF  ANCIENT  DOORWAYS  & WINDOWS; 

aiTanged  to  illustrate  the  different  styles  of  Gothie  Architecture,  from  the  Con- 
quest to  the  Reformation. 

It  has  been  the  aim  of  the  Author  of  this  little  Chart  to  present  such  examples 
as  may  most  clearly  illustrate  the  successive  changes  in  style,  together  with  a few 
remarks  on  the  characteristie  peculiarities  which  marked  each  period.  The  names 
of  the  Buildings  from  which  the  examples  are  selected,  are  in  all  cases  given. 
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BUILDING  ACT.— The  NEW  METROPOLITAN  BUILDINGS 

ACT,  recently  passed  for  the  regulation  of  all  kinds  of  Buildings  in  and  about 
London.  Published  under  authority,  with  diagrams,  notes,  and  copious  index, 
and  arranged  for  the  use  of  magistrates,  the  legal  profession,  architects,  sur- 
veyors, builders,  and  land  and  house  proprietors.  By  David  Gibbons,  Esq., 
Special  Pleader.  In  a small  and  convenient  volume,  half-bound  in  morocco, 
price  3s.  6c?. 
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BUILDING  ACT.— PROCEEDINGS  UNDER  THE  METRO- 
POLITAN BUILDINGS  ACT:  containing  a collection  of  Awards  made  by 
the  Official  Referees ; the  Modifications  sanctioned  by  the'  Commisioners  of 
Works,  &o. ; and  some  account  of  the  Office  established  under  that  Act.  To 
which  are  added.  Tables  of  Fees  and  a list  of  District  Surveyors.  In  small  8vo., 
unifonn  with  the  “ Metropolitan  Buildings  Act,”  7 & 8 Viet.  cap.  84,  price  2s.  6c?. 
boards. 


BURY’S 

WORK. 
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(T.  T.)  REMAINS  OF  ECCLESIASTICAL  WOOD- 


LIST  OF 

1.  Stalls  and  book-board  in  Bridgewater 

church. 

2.  Seats  in  Westonzoyland  church,  Somerset- 

shire. 

3.  Stalls  in  Wantage  church,  Berkshire. 

4.  Seats  in  Bishop’s  Lydeard  church,  Somer- 

setshire. 

5.  Stalls  in  Swinbrook  church,  Oxfordshire, 

and  Cobham  church,  Kent. 


PLATES. 

6.  Seats,  &c.,  St.  Mary's,  Bury  St.  Edmund’s. 

7.  Stalls  in  Lavenham  church,  SuflFolk. 

8.  Screen  on  the  south  side  of  the  chancel, 

Lavenham  church. 

9.  Screen  at  the  end  of  the  north  aisle,  Laven- 

ham church. 

10.  Screen,  Northllcct  church,  Kent. 

11.  Screen  in  the  north  aisle,  St.  Andrew’s, 

Brigstock,  Northamptonshire. 
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12.  Screen  in  tlie  north  aisle,  St.  John’s,  Aldcn- 

ham,  Ilertfordslnrc. 

13.  Chancel  screen,  St.  Peter’s,  Berkhampstead, 

Hertfordshire. 

14.  Screens  in  Lavenham  church,  Suffolk. 

15.  Roofs  in  ditto. 

16.  Roofs  in  Burford  chiu-ch,  Oxfordshire. 


17.  Roofs  in  Wantage  church,  Berkshire. 

18.  Roof  of  the  nave,  St.  Marv’s,  Bury  St, 

Kdmund’s. 

19.  Ditto,  St.  Mary,  Westonzoyland. 

20.  Pulpits  in  Bridgewater  church,  Somerset- 

shire, and  Swinbrook  church,  Oxfordshire. 

21.  Ornamental  engraved  title-page. 


In  1 vol.  imperial  4to.,  half-bound  in  morocco,  price  £1  la. 
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DESIGNS  OF  ORNAMENTAL  GATES,  LODGES,  PALI- 

SADING,  AND  IRON-WORK  OF  THE  ROYAL  PARKS,  vath  some  otlier 
designs  equal  in  utility  and  taste,  intended  for  those  designing  and  making  parks, 
terraces,  pleasure-walks,  recreative  grounds,  &c.  Principally  taken  from  the 
executed  works  of  Decimus  Burton,  architect;  John  Nash,  architect;  Sydney 
Smirke,  architect;  Sir  John  Soane,  architect;  Robert  Stevenson,  C,  E. ; Sir 
John  Vanbrugh,  architect  ; and  Sir  Christopher  Wren,  architect. 

In  imperial  4to.,  with  50  fine  engravings,  and  2 fine  wood-cuts  of  the  past  and 
present  entrances  at.  Hyde  Park  Corner,  drawings  contributed  by  Decimus 
Burton,  Esq. ; half-bound  in  morocco,  price  £l  4s. 
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RURAL  ARCHITECTURE. 

THE  RURAL  AND  VILLA  ARCHITECTURE  OF  ITALY, 

portraying  the  several  very  interesting  examples  in  that  countiy,  with  estimates 
and  specifications  for  the  application  of  the  same  designs  in  England  : selected 
from  buildings  and  scenes  in  the  vicinity  of  Rome  and  Florence,  and  arranged 
for  Rural  and  Domestic  Buildings  generally.  By  Charles  Parker,  Archi- 
tect, F.  I.  B.  A.,  &c.  In  1 vol.  medium  4to.,  72  finely  executed  plates,  price  in 
cloth,  neat,  £1  16s. 
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ARCHITECTURA  DOME  STIC  A ; a Series  of  very  neat  exam- 
ples of  interiors  and  exteriors  of  residences  erected  in  Hamburgh  and 
its  neighbourhood;  principally  in  the  Italian  style,  with  ornamental  plea- 
sure-grounds, verandahs,  detached  cottages,  &c.  &c.  In  large  4to.,  with  19  fine 
engravings,  price  £1  Is.  extra  cloth  boards,  or  on  large  paper,  proof  impressions, 
price  £1  11s.  6rf. 

102 

BARRY,  Sir  CHARLES,  R.A.,  &c.— STUDIES  of  MODERN 

ENGLISH  ARCHITECTURE,  by  W.  H.  Leeds  ; the  TRA.VELLERS’  CLUB- 
HOUSE, illustrated  by  engravings  of  plans,  sections,  elevations,  and  details,  by 
J.  Hi  Le  Kbux. 

LIST  OF  PLATES. 


1 . Ground  plan  of  the  building. 

2.  Principal  plan. 

3.  4.  Front  and  back  elevations, 

5.  Longitudinal  section  through  A to  B. 

6.  Longitudinal  section  through  C.  to  D. 

7.  Details  of  the  principal  front:  windows, 

ground  floor,  section  of  cornice  of  window- 
head,  of  under  part  of  window,  of  ornament 
in  string-course,  elevation  of  console,  balus- 
trade to  area  front. 

8.  Details  of  the  principal  front;  section  of 

principal  cornice,  elevation  of  cornice. 


plaster  cap  and  entablature  to  window, 
elevation  of  one-pair  window,  elevation  of 
cornice,  &c. 

9.  Details  of  rear  front;  elevation  of  one-p.air 
window,  section  of  window  head,  elevation 
of  block  and  cornice,  section  of  principal 
cornice,  section  of  window  comice,  Ac. 

10.  Details  of  drawing ; plan  of  ceiling,  bead, 
section  of  cove  of  ceiling,  enriched  panel 
of  ceiling,  section  of  cornice,  chimney-piece, 
Ac. 


In  large  4to.,  very  neat  half-morocco,  gilt  tops,  price  18s. 

103 

BRIDGEN’S  (B.)  INTERIOR  DECORATIONS,  DETAILS, 

and  VIEWS  of  SEFTON  CHURCH,  LANCASHIRE;  erected  by  the 
Molineux  family  (the  ancestors  of  the  present  Earl  of  Softon),  in  the  early  part 
of  the  reign  of  Henry  VIII.  The  plates  (34  in  number)  di.splay  the  beautiful 
stylo  of  the  Tudor  ago  in  details,  ornaments,  sections,  and  views,  ch'hcd  in  .i 
masterly  style- of  art.  In  folio  size,  price  £1  Is.  boards. 


NEW  LIST  OF  WORKS. 
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104 

FERGUSSON,  JAMES,  F.R.A.S.  and  F.R.G.S.,  &c. 

ESSAY  on  the  ANCIENT  TOPOGRAPHY  of  JERUSALEM; 

with  restored  plans  of  the  Temple,  &c.,  and  plans,  sections,  and  details  of  the 
church  built  by  Constantine  the  Great  over  the  Holy  Sepulchre,  now  known  as 
the  Mosque  of  Omar,  and  other  illustrations.  By  James  Fergusson,  F.R.A.S. 
and  F.R.G.S.,  Author  of  the  “ Illustrations  of  the  Rock-Cut  Temples  of  India,” 
and  “ Picturesque  Illustrations  of  Ancient  Architecture  in  Hindustan. ” In  1vol., 
imperial  8vo.,  with  fine  plates,  extra  cloth  boards,  price  16s. ; or  in  elegant  half- 
morocco, price  21s. 

105 

ESSAY  on  a proposed  NEW  SYSTEM  of  FORTIFICATION; 

with  Hints  for  its  application  to  our  National  Defences.  By  the  same  Author. 
In  one  vol.  imperial  8vo.,  uniform  in  size  with  the  preceding,  and  his  work, 
“ Of  the  Principles  of  Beauty  in  Art,”  &e.,  price  12s.  6c?. 

106 

FROME’S  (MAJOR)  OUTLINE  OF  THE  METHOD  OF 

CONDUCTING  A TRIGONOMETRICAL  SURVEY,  for  the  Formation  of 
Topographical  Plans ; and  Instructions  for  filling  in  the  Interior  Detail,  both  by 
Measurement  and  Sketching;  Military  Reconnaissance,  Levelling,  &c.,  &c., 
together  with  Colonial  Surveying ; with  Explanation  and  Solution  of  some  of 
the  most  useful  Problems  in  Geodesy  and  Practical  Astronomy ; to  which  are 
added  a few  Formulas  and  Tables  of  general  utility  for  facilitating  their  calcula- 
tion. Second  edition,  with  additions,  in  8vo.,  with  engravings  and  wood-cuts, 
cloth  boards  extra,  price  12s. 

107 

GIBBONS  (DAVID,  Esq.) 

A MANUAL  OF  THE  LAW  OF  FIXTURES:  a work  written 

for  the  use  of  Builders,  House  Agents,  and  House  and  Land  Proprietors.  By 
David  Gibbons,  Esq.,  Special  Pleader.  In  12mo.,  price  2s.  Qd. 


108 

A TREATISE  ON  THE  LAW  OF  DILAPIDATIONS  AND 

NUISANCES;  compiled  for  the  reference  and  study  of  the  Architect,  Sur- 
veyor, Solicitor,  &c.  By  the  same  Author.  In  medium  8vo.,  a new  and  much 
extended  edition,  price  16s. 


109 

HAKEWILL’S  (J.)  ATTEMPT  TO  DETERMINE  THE 

EXACT  CHARACTER  OF  ELIZABETHAN  ARCHITECTURE;  illus- 
trated  by  parallels  of  Dorton  House,  Hatfield,  Longleat,  and  Wollaton,  in 
England,  and  the  Palazzo  Della  Cancellaria  at  Rome. 


LIST  OF  PLATES. 


1.  Palazzo  Della  Cancellaria,  by  Bramante, 
llo."}. — Longleat  House,  by  John  of  Padua, 
1567. 

‘2.  Part  of  Hatfield  House,  1611:  — Wollaton 
Hall,  by  John  Thorpe,  1680. 

3.  Ground  Plan,  <fec.  of  Dorton  House,  Bucks. 


4.  Screen  in  the  Hall  at  Dorton  House. 

5.  Longitudinal  section  of  stoircase  of  ditto. 

6.  Transverse  section  of  staircase  of  ditto. 

7.  Chimney-piece  in  Queen  Elizabeth’s  room, 
Dorton  House. 

8.  Ceiling  in  Queen  Elizabeth’s  room,  ditto. 


In  one  thin  8vo.  vol.,  cloth  boards,  with  8 plates,  price  4s.  6d. 


no 

HAMILT0N;S  designs  for  rural  churches.  In 

4to.,  plates,  price  16s.  A Book  for  the  Colonics. 
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JOHN  WEALE’S 


111 

ORNAMENTS. 

ORNAMENTS  DISPLAYED  on  a full  size  for  Working,  proper 

for  all  Carvers,  Painters,  &c.,  eontaining  a variety  of  accurate  examples  of  foliage 
and  friezes.  On  33  folio  plates,  engraved  in  imitation  of  chalk  drawings,  price  ICs. 

112 

OLD  ENGLISH  AND  FRENCH  ORNAMENT  for  interior 

embellishment,  and  for  Carvers  and  Decorators ; with  designs  for  doors,  windows, 
fire-places,  chimney-glasses,  ornamented  furniture,  &c.  By  CmrPENnALE, 
Johnson,  Inigo  Jones,  Look,  and  others.  In  4to.,  200  designs  in  100  engravings, 
vciy  neatly  half-bound  in  morocco,  price  £1  5s. 


113 


GRECIAN  ORNAMENTS:  a series  of  examples,  in  21  plates, 

in  royal  folio,  very  finely  engraved  from  drawings  made  by  celebrated  architects, 
price  15s. 

contents  of  the  work. 


Details  of  ceiling  of  the  Propylsea  at  Eleusis. 

Order  of  antse  of  inner  vestibules  at  Eleusis. 

Capital  of  the  antse  at  large  at  Eleusis. 

Fragments  found  at  Eleusis. 

Tiles  and  other  details  of  the  Temple  of  Diana 
Propylsea,  at  Eleusis. 

Capitals  and  profile  of  the  Temple  of  Nemesis, 
at  Rhamnus. 

Ornamental  moulding,  jambs,  mouldings  of  in- 
terior cornice,  the  painted  mouldings  of  the 
panels  of  the  lacunaria,  &c.  of  the  Temple  of 
Nemesis,  at  Rhamnus, 


Details  of  the  roof,  tiling,  <fec.  of  ditto. 

The  chairs  and  sepulchral  bas-reliefs  found 
in  the  cells  of  the  Temple  of  Themis,  at 
Rhamnus. 

Athenian  sepulchral  marbles,  capitals,  and 
triglyphs,  at  Delos. 

Entablature  of  the  order  of  the  peristyle  and 
roof,  ornaments,  &c.  of  the  Temple  of  Apollo 
Epicurus,  at  Bass*. 

Details  of  sculptui'ed  and  painted  shafts  of 
columns  of  the  subterraneous  chamber  at 
Mycenae. 


114 


In  4to.,  37  plates,  half-cloth  boards,  price  9«. 

THE  UPHOLSTERERS’  GUIDE;  Rules  for  Cutting  and 

Forming  Drapeiies,  Valances,  &c.  By  Thomas  King,  designer. 


115 

HAVILAND’S  PORTABLE  MEASURER;  containing  new  sets 

of  Tables  for  solid  and  superficial  measurement ; with  scales  of  prices,  and  other 
useful  calculations.  In  long  and  narrow  size,  for  the  workman’s  pocket,  bound, 
price  2s.  &d. 

116 

HAVILAND’S  TABLES  OF  SPECIFIC  GRAVITIES  OF 

ALL  SUBSTANCES;  their  superficial  and  solid  contents;  land  measuring; 
together  with  a computation  of  the  difference  between  the  old  and  new  weights 
and  measures;  also  a definition  of  mechanical  power  in  the  practical  use  of 
machinery ; the  prices  of  the  work  of  millwrights  and  other  artificers ; with 
Tables  of  interest,  discount,  &c.  In  1 vol.  8vo.,  price  5s.  in  boards. 


117 

STONE  BUILDINGS —CEMENTS. 

OBSERVATIONS  ON  KENTISH  RAG  STONE  AS  A 

BUILDING  MATERIAL.  By  John  Whichcoed,  junior.  Architect.  In  8vo., 
with  a large  sectional  plate,  price  Is.  %d. 

118 

REPORT  and  INVESTIGATION  into  the  Qualifications  and 

Fitness  of  STONE  for  BUILDING  PURPOSES,  more  particularly  for  the  New 
Houses  of  Parliament,  and  expressly  inquired  into  by  Commissioners  appomt^d 
by  Her  Majesty,  viz.  Sir  T.  Heniy  De  la  Beche,  Charles  Barry,  Esq.,  and  L.  H. 
Smith,  Esq.  In  4to.,  with  very  fine  plates,  a new  edition,  conected  and  extended, 
os.  sewed. 


NEW  LIST  OF  WORKS. 
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119 

SMITH’S  (Major,  of  the  Madras  Engineers,)  CEMENTS:  a 

practical  and  scientific  treatise  on  the  choice  and  preparation  of  the  materials  for, 
and  the  application  of,  Calcareous  Mortars  and  Cements.  By  M.  L.  J.  Vioat. 
Translated  from  the  French.  By  Major  J.  T.  Smith,  Madras  Engineers,  F.R.S,, 
&c.  In  8vo.,  with  plates,  cloth  boards,  price  10s.  6<i. 

120 

OBSERVATIONS  on  the  Duties  and  Responsibilities  involved  in 

the  MANAGEMENT  of  MINTS.  By  Major  J.T.  Smith,  H.E.T.C.  Engineers, 
F.R.S.,  F.R.S.N.A.,  Master  of  the  Madras  Mint,  A M.  Cor.  Eng.  Inst.  In 
1 vol.  8vo.,  price  7s.  Qd.  in  hoards. 


121 

STORMS. 

Third  edition,  in  royal  8vo.,  boards,  with  13  charts,  &c.,  price  12s. 

AN  ATTEMPT  TO  DEVELOP  THE  LAW  OF  STORMS 

by  means  of  facts  arranged  according  to  place  and  time ; and  hence  to  point  out 
a cause  for  the  variable  winds,  with  a view  to  pbactioal  use  in  navigation. 
By  Colonel  Sir  W.  Reid,  K.C.B.,  and  R.E.,  Governor  of  Malta. 

122 

THE  PROGRESS  of  THE  DEVELOPMENT  of  THE  LAW 

OF  STORMS  and  of  the  VARIABLE  WINDS , with  the  practical  applica- 
tion of  the  subject  to  Navigation.  By  Colonel  Sir  W.  Reid,  K.C.B.,  F.R.S., 
&c.,  &c.,  &c.  In  royal  8vo.,  uniform  with  the  preceding,  price  9s.,  with  charts 
and  wood-cuts. 


123 

In  royal  8vo.,  uniform  with  the  preceding,  price  Is.  6c?. 

NARRATIVES  written  by  Sea  Commanders,  illustrative  of  the 

LAW  of  STORMS,  and  of  its  practical  application  to  Navigation.  No.  1, 
The  “ Blenheim  ” Hurricane  of  1851,  with  diagrams.  No.  2 in  the  Press. 

124 

INWOOD’S  (W.)  TABLES  FOR  THE  PURCHASING  OF 

ESTATES,  freehold,  copyhold,  or  leasehold,  annuities,  &c.,  and  for  the 
renewing  of  leases  held  under  cathedral  churches,  colleges,  or  other  corporate 
bodies,  for  terms  of  years  certain,  and  for  lives ; also,  for  valuing  reversionary 
estates,  deferred  annuities,  next  presentations,  &c.  Together  with  several 
useful  and  interesting  Tables  connected  with  the  subject.  Also,  the  five 
Tables  of  compound  interest.  In  12mo.,  a new  edition,  with  the  Govern- 
ment Table  of  Annuities,  and  other  reeently  added  valuable  Tables,  piice 
7s.  boards. 


12.5 

KEMPS  PRACTICAL  OBSERVATIONS  made  on  the  Botanic 

Gardens,  Conseiwatories,  Gardens,  and  Parks,  in  London  and  its  Vicinity. 
In  demy  12mo.,  with  illustrations,  price  5s. 

126 

ROOFS. 

APPENDIX  to  a previous  edition  of  TREDGOLD’S  CARPEN- 

TRY, containing  the  following  examples  of  Roofs ; price  £1  l.s.  Oc?. 


[see  over. 
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JOHN  WEALE’S  NEW  LIST  OF  WORKS. 


I’LATES. 


PLATES. 

1,  2,  3,  4.  King’s  College  Chapel,  Cambridge. 
5,  G.  Pantheon. 

7.  Hall  of  Prison,  Parkhurst. 

8,  9.  Academy  of  Arts,  Florence. 
10,11,12.  Ducal  Riding  House,  Modena. 

13.  Exchange,  Genoa. 

14.  Roofs  at  Alncona  and  Florence. 

15.  Cathedral  at  Leghorn. 

16,  17.  Christ’s  Hospital. 

18,19,20.  St.  Dunstan’s  Church,  Fleet  Street. 


PLATES. 

21,22.  White  Conduit  House. 

23.  Roofs  at 'rhames  Plate  Glass  Works; 

Princess’s  Theatre,  Oxford  Street; 
and  a house  in  Berkeley  Square. 

24.  Iron  and  Timber  at  Nottingham 

Water  Works. 

25.  Cast  hon  model-room  at  Butterley. 

26.  over  Smithy  at 

ditto. 

27.  London  Bridge, 

Croydon  Station. 


127 

VERANDAHS.  Select  examples  and  designs  of  modern  Veran- 
dahs, consisting  of  elevations,  sections,  and  details,  principally  selected  from 
the  best  examples  taken  from  Brighton.  26  plates,  cloth  boards,  price  12s. 


